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BREADTH OF LEARNING AS A FUNCTION OF 
DRIVE LEVEL AND MECHANIZATION * 


JEROME S. BRUNER, JEAN MATTER, AND MIRIAM LEWIN PAPANEK 


Harvard University 


Suppose a group of rats is trained to 
respond to the black doors of a four- 
unit discrimination apparatus, each unit 
Comprising a black and a white door 
side by side. (See Fig. 1.) And sup- 
Pose further that these correct doors, 
during learning, are arranged from trial 
to trial in a random pattern with re- 
Spect to whether they are on the left or 
E right, Under these circumstances, 

e animals would be learning to re- 
Spond to the cue of door brightness. 
le Now suppose, after the animals have 
enea the black-white discrimination 

© a criterion, the correct black doors 
sare arranged for a series of trials in a 
ate of single alternation. That is, 
BS correct black door is always in the 
eee of left-right-left-right. We are 
upc Ed in finding out how much the 
qe learn about single alternation 

ing this period when the original 
sae cue is present along with the 
t S heen pattern. To test for 
BS learning of the single-alternation 
ae we then remove the black-white 
ese inserting gray doors in- 
Shires ae see how many trials are re- 
alter or the rats tọ master the single- 
EERE pattern to criterion. A 
mals TERE is required, of course: ani- 
at continue with randomly po- 


1 
fans are indebted to Professor E. C. Tol- 
rofeseo Many stimulating suggestions, and to 
P rs C. F. Mosteller, R. R. Bush, L. 


ostma; K 
and o> and D, Krech for valuable advice 
criticism, 


sitioned black-white training for a num- 
ber of trials comparable to the series of 
trials during which experimental ani- 
mals receive the training with the dou- 
ble cue of black and single alternation. 

It would appear at first that such an 
experiment addresses itself directly to 
testing predictions that might be de- 
rived from the continuity and disconti- 
nuity hypotheses about “discrimination 
learning. The continuity hypothesis 
might hold, to put the matter in some- 
what simplified terms, that insofar as 
reinforcement follows the single-alterna- 
tion responses during the critical period 
when black-white cues are still present, 
then the animal will learn this alterna- 
tion response even though his original 
training was to respond to the black 
doors. Put in more refined terms, re- 
inforcement will lead to the learning of 
the single-alternation response, provided 
a sufficient number of reinforced trials 
has been given. The discontinuity po- 
sition might hold that insofar as the or- 
ganism is responding in terms of a 
black-going hypothesis, it does not learn 
anything about single alternation dur- 
ing the critical period when the relevant 
black cue is still present and a black- 
going hypothesis is adequate for reach- 
ing the goal. 

The difference between these two 
classical positions can, we will hold, be 


Od. 


° 


reduced to a question about the rang- 


of cues to which the animal is respond- 
ing in the course of discrimination 
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VIEW OF ONE UNIT 


a GOAL 


4-UNIT 
DISCRIMINATION APPARATUS 


in., maximum width of each unit 9 i 
The entire apparatus is covered by 


learning. The continuity theorem holds 
the extreme view that this range com- 
prises all discriminable cues impinging 
on the organism during reinforced trials, 
The discontinuity position holds the 
equally extreme view that this effective 
range comprises only one set of dis- 


tertaining a couple of hypotheses simul- 
taneously (12). 


tion is a theorem derived from stimulus- 


part of cognitive theory. The question 
we wish to raise is whether it is neces- 
sary for any theory of learning to take 
an axiomatic Position on what range of 
cues is being responded to in a given 
situation. It is our contention that this 


is an empirical question, and an im- 
portant one. 


Take stimulus- 


e 


response reinforcement 


it is 28 
nit is 
+ Four-unit discrimination apparatus (after Greenbaum), Length of each u 
n., minimum width 4 in. 
a Plexiglas cover. 


À in. 
The height of the alleys is 4 


A d 
theory as a first case in point. ra A 
one assume that ees wages 
to strengthen response tendencies Hee 
discriminable cues present in the s to 
tion? As Hull puts it, “According a 
the ‘law of reinforcement’. . - ; ie 
one of the receptor discharges ove a 
ceptor-discharge preservations Pay a 
the time that the to-be-conditione a 
action occurs must acquire an Cees, it 
of habit strength” (9, p. 206). Oe 
is known that rats in a jumping-s s 
situation learn more rapidly to rey ie 
to the cues close to the bottom 0 are 
card, near the edge to which a | 
jumping (e.g., Ehrenfreund, 8). get” 
indeed, it is also weil known that a t or 
to attend to certain kinds of objec ster 
events in the environment leads to fa - 
and better identification and ee 
these than of so-called incidental eae s 
rial—although both kinds of ee 
are impinging on the organism’s sé tman 
apparatus (e.g., Chapman, 6; Pos 
and Senders, 20). 
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It will be argued, to be sure, that 
some stimulus-response theorists have 
taken the matter into account, the con- 
tention being supported by reference to 
the work of Ehrenfreund (8) and 
Spence (23). As Ehrenfreund remarks 
mm commenting on the classical ‘“one- 
cue-at-a-time” discontinuity position, 

[continuity] theorists have emphasized 
the point that the conditions determin- 
Ing reception of the stimulus cues are 
extremely important” (8, pp. 417-418). 
te points out that since one must con- 
Sider the conditions that determine what 
Cues will be “picked up,” many of the 
HPeriments of the continuity theorists 
is by-passed the problem by utilizing 

Ty simplified Giscrimination problems, 
Preferring, for example, a simple black- 
White discrimination rather than pattern 
discrimination. In a pattern discrimi- 
Nation, “until the S learns the appro- 
Priate orienting act that will provide 
a anes different retinal patterns 
= Iscrimination, the conditions neces- 
TA for the development of differential 

Ociations do not obtain” (p. 418). 
« eSumably, such orienting acts involve 
tee Ption of specific cue aspects of the 
Otal stimulus complex on the area of 
a retina in which the ganglion cells 

© most dense” (p. 418). This se- 
quence of orientation learning is what 
ee calls “the acquisition of receptor 

Posure adjustments” (23, p. 720). 
Sidera, Spence has recognized the im- 

ance of this problem. But to re- 
Ri the matter at this early stage of 
fi Stigation to a question of adequate 
ey stimulation seems to the present 
ate, a somewhat premature. For ex- 
a €, the 15° or 20° of visual arc that 

A DAS figures at the middle and at 

ae of a jumping-stand card, 
by Ehrenfreund (8) to matter 
Sep speed of acquisition of a 
rn discrimination, can hardly make 


Sh 
So 
p 


tha: 
gene histological difference in 
ihes density in the rat’s eye—par- 


tly in view of the amount of VTE 


behavior on a jumping stand. More- 
over, it seems highly dubious that such 
a peripheralist explanation would ac- 
count for what is known about “paying 
attention to cues” in human subjects. 
It seems to us that for the moment it is 
a hindrance to experimental ingenuity 
to rule out central factors that could . 
operate to restrict the range of cues to j 
which an animal is oriented in any given 
situation. Finally, there are a suff- 
cient number of studies, such as those 
of Lashley (13) and Snygg (21, 22), 
to indicate that even when one cue is 
impinging on the same segment of the 
retina at which another cue is imping- 
ing, one may be learned and the other 
not. Lashly and Wade (14) have 
made much of this point in criticism 
of the “all-cues-are-relevant” position, 
and quite justifiably. 

As for cognitive theory, a comparable 
argument applies. Why should it be 
axiomatic that while an organism is re- 
sponding in terms of one cue, he is 
learning nothing about any other cues 
in the situation? The presence of a 
“hypothesis” or a systematic response 
tendency directed to one discrimi- 
nandum does not necessarily blind the 
organism to all else. Indeed, the same 
kind of experiment can be used in evi- 
dence against this extreme view as is 
used against the “all-cues-are-relevant” 
viewpoint. The subjects in Chapman’s 
experiment (6) do pick up features of 
the stimulus to which they have not 
been set. Learning of materials does 
occur without a set to learn, as in the 
Postman and Senders (20) experiment. 
And, indeed, there is an imposing array 
of evidence that while responding to 
one feature of a situation, animals learn 
about other features of the situation, as 
indicated by either transfer (e.g., Blum 
and Blum, 4) or by cue reversal (e.g., 
McCulloch and Pratt, 16; Ehrenfreund, 
8; and various studies reviewed by 
Melton, 17 and Spence, 23). To hola 
the one-cue-at-a-time position is to 
deny, among other things, that there 
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can be anything approximating a “gen- 
eral set” or “looking around” behavior 

*—a highly restrictive premise for a 
cognitive theory of learning. Again, we 
would hold that the number of cues to 
which the organism attends is not a 
matter to be settled at the axiomatic 

olevel, but should be treated as an em- 
pirical problem. It is indeed the case 
that results by Lashley (13) and by 
Lashley and Wade (14) are seemingly 
contradictory to those of Blum and 
Blum (4), and that Krechevsky (12) 
can be pitted against McCulloch and 
Pratt (16). The point is not to estab- 
lish one set of results over the other, 
but to discover what in one experiment 
leads organisms to operate on one cue 
at a time, and, in another, on several 
at a time. 

Krechevsky (12) has, of course, re- 
marked that animals can attend to two 
cues at a time, as judged from the fact 
that their behavior can be shown to be 
simultaneously systematic with respect 
to two cues. That is, animals could be 
tesponding above chance to both a 
visual and a spatial cue. But his po- 
sition still implies that the animal is 
only learning about those aspects of the 
environment to which it is systemati- 
cally responding. If it has a double hy- 
pothesis, then it is learning only about 
the two cues involved, We would hold 
that it is quite unnecessary to assume 
that an organism has to be responding 
systematically to a cue in order to learn 
about it—or, for that matter, to assume 
anything else. The matter is an em- 
pirical one. 

In sum, we would take the position 
that a concept like breadth of learning 
would increase the richness of either a 
cognitive or an S-R theory of learning. 
By considering breadth of learning as a 

dependent variable, theorists of either 
Stripe would be more readily disposed 
to ask the critical question, “What de- 
termines breadth of elearning - or the 
range of cues about which the organism 


picks up information in the course of a 
particular learning sequence? a 
Tolman (27) has addressed bins 
to this problem in his paper on co 
nitive Maps in Rats and Men” by ? 
quiring into the determinants of baie 
and narrow cognitive maps. For one 
the determinants of a narrow ora brea 
map is the range of cues utilized by a 
organism during cognitive acquis 
It would appear that there are seve g 
conditions that have the effect of r 
rowing the range of cues. One of t i 
is motivational level. Tolman sugg 
in a manner which he describes ie 
“brief, cavalier, and dogmatic, t A 
excessive motivation or frustration E 
rows a cognitive map, Ż.e., reduce Naa 
breadth of learning. A better case ee 
suggested by his three deprecatory his 
jectives can actually be made for He 
claim. For example, Johnson (10) 4 
recently shown that the degree of Wa 
ing of the position of an irrelevant ie 
ward depends upon the strength of a 
drive conditions operative during lee 5 
ing. Animals run in a T maze A. 
moderately thirsty and satiated 3 
food learned the position of the wie 
better than animals who were satia f 
for food but extremely thirsty. inde 
in the paper by Spence and Lippitt n 
initiated the Iowa studies of lan 
learning, the authors suggest that 
tent learning does not occur in, 
situation where the animals perece ) 
the subsequent test goal object (foo ¢ 
while motivated for another goal on 
(water), but latent learning does oca 
where complete satiation made for a 
particular goal directedness in the ae 
perimental set-up during the training o 
ties” (24, p. 429). Subsequent sin z 
indicate that such an “all-or-none Pat 
sition is too strongly stated and ae 
animals operating under drive oe 
can learn the location of an irreleva?’ 
reward (e.g., Deisenroth and Spence ma 
Strange, 25; Walker, Knotter, and ay 
Valois, 29; as well as the Johnson ED 
cited above). Thistlethwaite sums 
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the evidence by remarking that a rea- 
sonable inference from the Spence-Lip- 
pitt studies is that “the stronger the 
drive, the poorer the irrelevant-incen- 
tive learning” (26, p. 111). Melton 
(18), approaching the literature from 
a different conceptual position, reaches 
much the same conclusion. The John- 
Son experiments appear to confirm the 
generalization, they being the first study 
Systematically to vary drive level in 

this type of experiment. 
pe nother source of evidence comes 
irom studies of incidental learning and 
Incidental attention” under conditions 
pi increased incentive. Bahrick (1), 
lee ae has shown that while in- 
in tonal learning was faster when the 
ae given his human subjects was 
i song the amount of incidental 
Pte decreased. In a similar vein, 
ae tick, Fitts, and Rankin (2) have 
to wn that increase in incentive leads 
Hee ates degree of selective atten- 
or those parts of a complex task 
fea subjects interpret as more impor- 
iay a concomitant tendency to 
ess attention to other features of 

€ situation. 

tah Second condition suggested by Tol- 
an as a narrower of cognitive maps 1S 
Wher raose of repetition” (27, p. 261). 
a a an organism has “overlearned” 
Sian e discrimination or problem 
ca ae the effect of this overlearning 
ich e to restrict the range of cues to 
alas the organism attends. ‘Thus, in 
Were ns’ experiment (15), subjects who 
of nie much practice with one kind 
TA ution of a problem are less likely 
l Otice when the same kind of prob- 
can be solved by simpler means. 
i Sure, the experimental situation 
On, by Luchins is of such com- 
ny a the effects may be due to 
tive in er factors known to be opera- 
it lear aa solving. In any case, 
learnin a likely hypothesis that over- 
Scribed may operate in the way de- 


empl 
Plexi 


N 
Other suggestive finding from which 


one may infer that mechanization has 
the effect of narrowing the range of cues 
responded to is reported by Walker, 
Knotter, and DeValois (29). Again, 
using the irrelevant-incentive experimen- 
tal design with animals running under 
motivated rather than satiated condi- 
tions, they found that animals who 
developed “strong” position preferences 
learned less about the location of the 
irrelevant incentive than those with 
weak position preference. Thistle- 
thwaite (26) notes that in at least three 
of the experiments reporting no learning 
of the position of an irrelevant incen- 
tive the animals had acquired strong po- 
sitional preferences during initial train- 
ing (Kendler, 11; Spence and Lippitt, 
24; Walker, 28). We are interpreting 
strong positional preferences as indica- 
tive of mechanization of behavior of a 
sort also produced by overlearning. 


An ILLUSTRATIVE EXPERIMENT 


Now let us return to the experiment 
mentioned briefly in the introductory 
paragraphs of this paper. Breadth of 
learning will be denoted operationally in 
this experiment as the learning of single 
alternation while responding systemati- 
cally to door brightness. What might 
favor such “breadth of learning”? We 
propose to test two possible factors: 
strength of motivation and degree of 
overlearning. Highly motivated ani- 
mals should show less breadth of learn- 
ing than moderately motivated ones. 
Animals overtrained on the original 
black-white discrimination should be 
Jess likely to pick up the single-alterna- 
tion cue when it is introduced. For 
good measure, highly motivated and 
overtrained animals should show the 
least breadth of learning in the sense 
of being least able to pick up and use 
the added single-alternation cue. 


Method. The design of the experiment is 
readily summarized. Fifty-two mature mak“ 
albino rats were divided into four experimen- 
tal groups and four-matching control groups, 
each group consisting of from six to eight 
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animals. The experimental groups were all 
trained to certain levels of performance on a 
four-unit black-white discrimination apparatus 
to go either to black or to white. (See Fig. 
1.) The correct doors, during this black- 
white learning, were always in a random pat- 
tern with respect to left-right position, with 
the restriction that the correct door was 
equally often on the right and the left on 
each trial. The animals were then given 20 
“trials of training in which the correctly col- 
ored doors were always in a single-alternation 
pattern, half of the animals going left-right- 
left-right, the other half right-left-right-left. 
The control groups received the same origi- 
nal black-white discrimination training on 
randomly positioned black and white doors 
and during the 20 critical trials were con- 
tinued, as before, on the same random-posi- 
tion black-white discrimination. The experi- 
mental groups that received both black-white 
and single-alternation cues during the critical 
period we shall call the Double-Cue groups. 
The control animals we shall refer to as 
Single-Cue groups. 

After the critical 20 trials, all animals were 
trained to criterion on a single-alternation 
pattern with uniform gray doors at each 
choice point in the four-unit apparatus. 

The four experimental or Double-Cue groups, 
each with its corresponding control or Single- 
Cue group, were subjected to the following 
treatments: 

1. Learn-12-hr. deprived. Thirty trials of 
black-white training before critical 20 trials. 
Twelve-hour food deprivation. 

2. Learn-36-hr. deprived. Thirty trials of 
black-white training before critical 20 trials. 
Thirty-six-hour food deprivation. 

3. Overlearn-12-hr. deprived. One hundred 
trials of black-white training before critical 
20 trials. Twelve-hour food deprivation. 

4, Overlearn—36-hr. deprived. One hundred 
trials of black-white training before critical 
20 trials. Thirty-six-hour food deprivation. 

The initial 30 trials of black-white training 
were sufficient to bring all animals to a cri- 
terion of 100 per cent on ten successive trials. 
This apparently small number of trials is not 
surprising, since the animals make four dis- 
criminations on each trial. Thus, the critical 
trials, whether single-cue or double-cue, were 
run in all instances with the animal making 
virtually no errors at all. Training on single 
alternation with gray doors was carried on at 
the same level of motivation used for the 
animal during black-white training and dur- 
ing the critical trials. 

«a» Animals were run ten trials per session and 
the sessions were separated by a 48-hr. pe- 
riod, After each trial, an, animal was allowed 
to feed in the goal box on a rich wet mash 


fof 10 to 15 sec. After running its ten trials, 
it was fed away from its home cage for 30 
min. All animals were next fed 12 hr. later, 
again for 30 min. The harshly deprived group 
was not fed outside the apparatus again until 
the animals had completed their next set of 
ten trials 36 hr. later. Moderately deprived 
animals were fed once more before their next 
trials, 12 hr. later. Water was available to 
the rats at all times. 


Results. Recall the first question. 
Will animals learn the single-alternation 
pattern during the critical period when 
they are responding effectively to door 
color? A comparison of pooled Double- 
Cue groups and pooled Single-Cue 
groups (Table 1) indicates that in the 
first ten trials of gray-door, single-alter- 
nation training Double-Que groups made 
8.0 errors and Single-Cue groups made 
12.0 errors. An error, of course, is at- 
tempting to get through the wrong door 
in any unit. The difference in errors is 
significant at the .005 level. Thus we 
may conclude that the Double-Cue ani- 
mals do pick up information about the 
“incidental cue.” The finding conforms 
in general terms to those reported by 
Blum and Blum (4). 

We come now to the test of the two 
factors that might limit breadth of 
learning. Consider degree of original 
learning of the black-white discrimina- 
tion prior to the double-cue period. 
The Double-Cue animals that learned 
to criterion show a highly significant 
savings as compared to their Single-Cue 
controls (Table 1). The Double-Cue 
animals that underwent original over- 
learning do not do significantly better 
than their controls. 

With respect to motivation, Double- 
Cue animals that operated under 12-hr. 
deprivation conditions do significantly 
better than their Single-Cue controls, 
But Double-Cue animals that operate 
under 36-hr. deprivation do not do bet- 
ter than their controls (Table 1). 

Finally, treating each of the four con- 
ditions separately, we find the Double- 
Cue animals that learned to criterion 
and operated at 12 hr. of deprivation 
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TABLE 1 
MEAN NUMBER OF ERRORS AND SAVINGS ON 
First TEN TRIALS OF SINGLE ALTER- 
NATION WITH Gray Doors 


(Chance performance [50%] is 20 errors) 


' „_ | &Test 
Group Sage | Tete | ines | RA 
All animals 12.0 | 8.0 | 4.0 | <.005 
Learn to criterion| 12.9 | 7.4 | 5.5 | <.005 
Overlearn 10.9] 8.7 | 2.3 | N.S. 
12-hr. deprived | 12.6] 7.8 | 4.8 | _.01 
36-hr. deprived | 11.4| 8.2 | 3.2 | N.S. 
Learn-12 hr. 13.6 | 7.8 | 5.8 025 
Learn-36 hr. 12.3 | 6.8 | 5.5 | <.05 
Overlearn-12 hr. | 11.5 | 7.8 | 3.7 | N.S. 
Overlearn-36 hr. | 10.3 | 9.5 8 | N.S. 


* 
Confidence levels gre for a one-tailed test. 


doing best in comparison with their con- 
trols; the overlearned, 36-hr. deprived 
animals do least well in comparison with 
their control group. An analysis of 
these group results suggests that over- 
learning has a more marked narrowing 
effect than high drive. 
_ A word about the Single-Cue groups 
1s in order. A comparison of the figures 
in Table 1 shows that overlearned ani- 
mals learn a new task somewhat faster 
than ones with less prior training, a fact 
Probably attributable to maze-wiseness. 
Similarly, highly motivated Single-Cue 
animals learn single alternation faster 
than moderately motivated ones. None 
of the differences among the Single-Cue 
groups is, however, significant. 
ae there any observable features of 
the overt responses of animals who, dur- 
ing the critical period, pick up the al- 
jean cue as compared with their 
ess “observant” fellows? The first and 
ihe obvious difference to look for is in 
rhe number of vicatious-trial-and-error 
: eres (VTE’s) made by animals in 
in Be ee given the double cue dur- 
ate e critical trials. A Table 2 contains 
Srt a Comparison. Since the apparatus 
ranean four choice points, the maxi- 
the Saved of VTE’s possible during 
critical trials is 80, only one 
being counted per choice point. 


Comparing the groups found before to 
be at the extremes on savings, we find 
that the group with the largest saving 
(Learn-12-hr. deprived) showed the 
greatest amount of VTE, while the 
group with the smallest saving (Over- 
learn—36-hr. deprived) showed the least 
VTE. The former made VTE responses 
on the average at half the choice points 
encountered, the latter at a quarter of 
the choice points. The other groups 
were between these in frequency of 
VTE. An analysis of variance of num- 
ber of VTE’s during the critical trials 
reveals that degree of motivation is sig- 
nificant at the .05 level, and amount of 
learning falls slightly short of signifi- 
cance at this confidence level. 

Another possible difference between 
the groups is in speed of running dur- 
ing the 20 critical trials. Here the 
argument is somewhat ambiguous. In 
a visual task, it might be argued, speed 
might lead the animal to “overlook” 
cues. But the extra cue provided dur- 
ing the critical period was a positional 
one: single alternation. It might be 
argued that fast running would give 
better kinesthetic cues for picking up 
single alternation. In any case, the 
data on running speed are quite unre- 
vealing. As might be expected, the 
more highly motivated animals ran the 
maze more quickly. On the other hand, 
those animals with initial overlearning 


TABLE 2 
AveRAGE Numper or VTE RESPONSES 
DURING 20 CRITICAL TRIALS IN ANIMALS 
or THE GROUPS GIVEN THE DOUBLE- 
Cur TREATMENT 
(Maximum number of VTE's possible is 80) 


No. of VTE's 


Learn-12-hr. deprived 40.2 
Learn-36-hr. deprived 27.8 
Overlearn—-12-hr. deprived 29.5 
Overlearn—36-hr. deprived 21.8 
Combined Learn 34.0 
Combined Overlearn 25.6 
Combined 12-hr. deprived 34.9 
Combined 36-h~. deprived 24.8 


Group 
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of the black-white discrimination were 
slower than the group with initial learn- 
ing to criterion. Thus, one factor as- 
sociated with failure to pick up the 
extra cue (high motivation) is associ- 
ated with fast running, the other (over- 
learning) with slow running. 


DISCUSSION AND CONCLUSION 


We would propose as a first and most 
general conclusion that there are condi- 
tions that lower the likelihood that an 
organism will attend to or acquire 
knowledge about environmental cues not 
immediately relevant to the to-be-rein- 
forced responses he is making. Breadth 
of learning can fruitfully be treated as 
a dependent variable, and two condi- 
tions affecting it have been proposed: 
overlearning and overmotivation. 

Beyond this, the question arises as to 
the nature of the effect: What mediates 
breadth of learning? In an earlier sec- 
tion, the proposal was made that a pe- 
ripheralist explanation in terms of the 
organism orienting his relevant recep- 
tors to the stimulus would be premature. 
In the present experiment, the rats were 
peripherally exposed to the second or 
extra cue that they were to be tested on 
later. At least there is no basis for say- 
ing that the alternating kinesthetic pat- 
tern was not registering on appropriate 
receptors. A glance at Fig. 1 suffices 
to recognize that the apparatus was de- 
signed in a way to guarantee weaving 
about. Our conclusion must be that a 
peripheral sensory stimulus may or may 
not be utilized in discrimination learn- 
ing, depending upon the operation of 
certain internal processes. In view of 
this, the axiomatic position of conti- 
nuity theory that all cues present when 
a response is reinforced are relevant 
Seems no more justified than the axio- 
Matic position of discontinuity theory 
that only the one cue toward which the 


organism has a hypothesis is relevant. 
What of the eff 


identification phenomena have made it 
clear that the larger the number of al- 
ternative cues for which the organism is 
set, the greater the difficulty involved in 
recognizing any one of them upon its 
appearance. Thus, Miller, Heise, and 
Lichten (19) and Bruner, Miller, and 
Zimmerman (5) have shown that the 
larger the number of alternative words 
expected in an auditory articulation 
test, the greater the signal-to-noise ratio 
necessary in order for each of the same 
words to be recognized. Miller, Post- 
man, and Bruner (18) have shown that 
an increase in independent alternatives 
requires an increase in exposure dura- 
tion for visual identification to occur. 

Now, the more Pressing the require- 
ment that an organism reach a goal 
rapidly, the more hindering will be a set 
for considering many alternative cues. 
Thus, to speed up goal attainment, an 
organism sacrifices breadth of attention 
and consequently breadth of learning. 

Extreme motivation impelling an or- 
ganism to the attainment of a specific 
goal may provide almost a paradigm of 
the kind of adjustive requirement. that 
compels speed and efficiency with re- 
spect to minimal cues. Thus, we can 
summarize the matter by saying that 
strong motivation has the effect of 
speeding up learning at the cost of nar- 
rowing it. 

As for “a dose of overlearning,” as 
Tolman (27) calls one of the conditions 
for producing a narrow cognitive map, 
its effect may also þe to restrict cue 
utilization in a given situation so that 
new cues introduced after stabilization 
has occurred are not as likely to þe 
utilized. Why or how the range of cues 
utilized should be restricted in over- 
learning is not clear. There is fair 
evidence that it is, Generalization 
gradients under repeated classical con- 
ditioning narrow (3); and it is a matter 
of common sense observation that when 
performance of a particular task þe- 
comes mechanized, we “fall into a set” 
and may fail to notice that the situa- 
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tion has changed, as in the Luchins e$- 
periment mentioned earlier (15).2 

By way of general conclusion, three 
points deserve emphasis: 

1. It is fruitless to take an axiomatic 
Position about the range of cues that an 
organism will utilize in making a dis- 
crimination. The range of cues uti- 
lized, or attended to, or associated with 
a response, is a function of determinate 
Processes and should be treated em- 
Pirically as a dependent variable. We 
have called this variable breadth of 
learning. 

2. Conditions requiring increased 
Speed and efficiency of goal attainment 
by an organism may have the effect of 
Narrowing the sange of environmental 
Cues to which the organism responds. 
High motivation and intensive practice 
are known to increase the specific effi- 
ciency of learning. Yet these are the 
very conditions that appear to narrow 
the breadth of learning. In short, the 
Picture given by such traditional meas- 
ures as latency, speed, and even errors 
fails to encompass a critical aspect of 
learning: how much about the environ- 
Ment is the organism picking up over 
and beyond what is required by the task 
at hand? 

3. If the variable we have called 

Teadth of learning is to take its place 
eside other traditional learning vari- 
ables such as those mentioned above, it 
1S Necessary to devise experimental para- 
isms for its measurement. Two such 
Paradigms already exist. The first is 
the “cue reduction” procedure in which 
an array of relevant cues is provided in 


ae On the other hand, it may be pointed out 
Eti tage of a performance may 
ite e effect of “freeing” the individual to 
die those aspects of his environment not 
kone y related to his task—may indeed 
as aes learning. The highly skilled skier, 
si the Wee is more likely to notice features 
tak a pagecabe not related to his immediate 
ERER escending a slope than is the novice 
ously ing equal motivation. There is obvi- 

an additional variable, or variables, op- 


erating in oy, : eee 
OWES ees that is still largely un- 


the original learning and, in later test 
situations, is systematically reduced in 
number. A more efficient variant is to 
establish discrimination on the basis of 
one set of cues and then to introduce 
additional cues, finally removing the 
original cues in the testing situation. 
This procedure has been used by Lash- _ 
ley (13), Blum and Blum (4), Green- 
baum, and by us in the present experi- 
ment. A third technique involves de- 
vising situations in which the actual 
utilization of cues can be observed. 
Counting the number of VTE responses 
is one way of approximating this pro- 
cedure. Thus, in the present experi- 
ment, it was found that the moderately 
motivated animals and those not receiv- 
ing overlearning trials showed the great- 
est amount of VTE during the critical 
trials when both cues were present. 
Wyckoff (30) has recently introduced 
an ingenious and direct way of observ- 
ing cue utilization. Using the homo- 
geneous environment of a Skinner box, 
he required of his pigeons that they 
press on a lever in order to have the 
relevant discriminanda appear. With- 
out these discriminanda the birds could 
not press the food-delivery lever at a 
level better than chance. Wyckoff was 
able, by this means, to study the growth 
of single-cue utilization under a variety 
of conditions. It would be relatively 
easy to extend the technique to a 
multiple-cue experiment. 

Finally, and almost as a postscript, it 
seems somehow ironic that psychologists 
for the most part have neglected an as- 
pect of learning—call it breadth, per- 
spective, or what you will—that is so 
much a feature of our instructional 
lives. We constantly seek to create the 
conditions in which our students will 
grasp the many and varied aspects of 
the phenomena to which we are intro- 
ducing them. Yet in our theories of 
learning we have taken the side of the 
hedgehog in the classic line, “The fox 


8 Greenbaum, J. Personal communication, 
1953. 
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knows many things, but the hedgehog 
knows one thing.” 
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A THEORY OF DISCRIMINATION LEARNING! 


FRANK RESTLE 
Stanford University ? 


This paper presents a theory of 
two-choice discrimination learning. 
Though similar in form to earlier 
theories of simple learning by Estes 
(5) and Bush and Mosteller (2,3), 
this system introduces a powerful 
new assumption which makes definite 
quantitative predictions easier to ob- 
tain and test. Several such predic- 
tions dealing with learning and trans- 
fer are derived from the theory and 
tested against empirical data. 

_ The stimulus situation facing a sub- 
ject in a trial of discrimination learn- 
ing is thought of as a set of cues. A 
subset of these cues may correspond 
to any thing—concrete or abstract, 
Present, past, or future, of any de- 
Scription—to which the subject can 
learn to make a differential response. 
In this definition it does not matter 
whether the subject actually makes a 
differential response to the set of 
Cues as long as he has the capacity to 
learn one. An individual cue is 
thought of as “indivisible” in the 
Sense that different responses cannot 
be learned to different parts of it. 
Informally, the term “cue” will occa- 
Sionally be used to refer to any set of 
Cues, all of which are manipulated in 


the same way during a whole experi- 
ment, 


Pi aS Paper is adapted from part of a 
ae dissertation submitted to Stanford 
Aes The author is especially in- 
lebted to Dr. Douglas H. Lawrence and to 
ain Patrick Suppes for encouragement and 
lticism. Thanks are also due Dr. W. K. 
Barents loaned prepublication manuscripts 
an r. R. R. Bush who pointed out some 
B ons between the present theory and the 
ush-Mosteller model (3). 
Onno at the Human Resources Research 
ce, The George Washington University. 
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In problems to be analyzed by this 
theory, every individual cue is either 
“relevant” or ‘“‘irrelevant.” A cue is 
relevant if it can be used by the sub- 
ject to predict where or how reward is 
to be obtained. For example, if food 
is always found behind a black card 
in a rat experiment, then cues 
aroused by the black card are rele- 
vant. A cue aroused by an object 
uncorrelated with reward is “‘irrele- 
vant.” For example, if the reward 
is always behind the black card but 
the black card is randomly moved 
from left to right, then “position” 
cues are irrelevant. These concepts 
are discussed by Lawrence (6). 

In experiments to be considered, 
the subject has just two choice re- 
sponses. No other activities are con- 
sidered in testing the theory. Any 
consistent method of describing these 
two responses which can be applied 
throughout a complete experiment is 
acceptable in using this theory. 


THEORY 


In solving a two-choice discrimina- 
tion problem the subject learns to 
relate his responses correctly to the 
relevant cues. At the same time his 
responses become independent of the 
irrelevant cues. These two aspects 
of discrimination learning are repre- 
sented by two hypothesized processes, 
“conditioning” and ‘‘adaptation.” 

Intuitively, a conditioned cue is one 
which the subject knows how to use 
in getting reward. If k is a relevant 
cue and c(k,n) is the probability that 
k has been conditioned at the begin- 
ning of the th trial, then 


c(kn+1) =c(k,n)+6[1—c(k,n)] [1] 
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is the probability that it will be con- 
ditioned by the beginning of the next 
trial. On each trial of a given prob- 
lem a constant proportion, 0, of un- 
conditioned relevant cues becomes 
conditioned. 

To the extent that a conditioned 

” cue affects performance, it contributes 
to a correct response only, whereas 
an unconditioned relevant cue con- 
tributes equally to a correct and to 
an incorrect response. 

Intuitively, an adapted cue is one 
which the subject does not consider 
in deciding upon his choice response. 
If a cue is thought of as a “possible 
solution” to the problem, an adapted 
cue is a possible solution which the 
subject rejects or ignores. If a(k,n) 
is the probability that irrelevant cue 
k has been adapted at the beginning 
of the nth trial, then 


a(k,n+1) =a(k,n)+6[1—a(k,n)] [2] 


is the probability that it will be 
adapted by the beginning of the 
next trial. On each trial of a given 
problem a constant proportion of 
unadapted irrelevant cues becomes 
adapted. An adapted cue is non- 
functional in the sense that it con- 
tributes neither to a correct nor to 
an incorrect response. 

It will be noticed that the same 
constant @ appears in both equations 
1 and 2. The fundamental simplify- 
ing assumption of this theory deals 


with ð. This assumption is that 
r 
Oa [3] 


where y is the number of relevant 
cues in the problem and 7 is the num- 
ber of irrelevant cues, Thus, 6 is the 
Proportion of relevant cues in the 
problem. This proportion is the same 
as the fraction of unconditioned cues 
conditioned on each trial, and the 


fraction of unadapted cues adapted 
on each trial. 

The performance function p(n), 
representing the probability of a cor- 
rect response on the nth trial, is in 
accord with the definitions of condi- 
tioning and adapting given above. 
The function is in the form of a ratio, 
with the total number of unadapted 
cues in the denominator and the num- 
ber of conditioned cues plus one-half 
times the number of other cues in the 
numerator. Thus conditioned cues 
contribute their whole effect toward a 
correct response, adapted cues con- 
tribute nothing toward either re- 
sponse, and other cues contribute their 
effect equally toward correct and in- 
correct responses. Formally, 


¥ ckm) +4 [1—c(kn)] 


HE ab] yy 
ee [1—a(k,n)] 


p(n)= 


r 
Here >) is the sum taken over the r 


i 
relevant cues and > is the sum taken 
over the ¢ irrelevant cues. 


SoME ConsEQUENCES REGARDING 
SIMPLE LEARNING 


If the subject is naive at the begin- 
ning of training, so that for any rele- 
vant cue k, c(k,1) = 0, and for any 
irrelevant cue k, a(k,1) = 0, and if he 
receives 7 trials on a given problem, 
then by mathematical induction it 
can be shown that if k is relevant, 


ckn+1)=1-(— 6)” [5] 
and if & is irrelevant, 
a(km +1) =1-— (1—0). [6] 


Under these circumstances we can 
substitute equations 5 and 6 into 
equation 4 and, taking advantage of 
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the simplifying effects of equation 3, 
we have 


a-m 


O — ta owe 


[7] 
_ Plotting equation 7 shows that p 
is an S-shaped function of with an 
asymptote (for 0 > 0) at 1.00. Also, 
P(1) =}. Since p(x) is a monotonic 
increasing function of 0 we can esti- 
mate @ from observations of per- 
formance. If we want to know the 
theoretical proportion of relevant cues 
in a problem for a particular subject, 
we have the subject work on the prob- 
lem, record his performance curve, 
and solve eqtiation 7 for 0. This 
result depends directly upon the sim- 
plifying assumption of equation 3. 

Since the instability of individual 
learning curves makes it difficult to 
fit curves to them, it is fortunate that 
8 can be determined in a different way. 
Suppose a subject makes E errors in 
the course of solving the problem to 
a very rigorous criterion and it is 
assumed for practical purposes that 
he has made all the errors he is going 
to make. Theoretically, the total 
number of errors made on a problem 
can be written 


H= > ft — p(n)]. 
Under the conditions satisfying equa- 
tion 7, this can be evaluated approxi- 
mately by using the continuous time 
variable t in place of the discrete trial 
Variable n, and integrating. The 
Tesult of this integration is that 


“log 8 
(1 — 6) log (1 — 0) 


BY equation 8, which relates the total 
umber of errors made on a problem 


ie 9, it is possible to make relatively 
able estimates of 0. 


B= tht [8] 


AN EMPIRICAL TEST OF THE SIMPLE 
LEARNING THEORY— 
COMBINATION OF CUES 


Consider three problems, si, S2, and 
$3, all of which involve the same irrele- 
vant cues. Two of the problems, sı 
and so, have entirely separate and 
different relevant cues, while in prob- 
lem s; all the relevant cues of sı and s2 
are present and relevant. That is, 
r3 =r; +r: and ù =i: = ti; If we 
know 6, and ðs we can compute ĝs, 
since by equation 3 


A= ri/ (rı +i) 
02 = r2/ (r2 + 2) 
0s = (rı + r2)/ (rı Ta i). 


Solving these equations for 03 in terms 
of 6, and 62 we get 


63 = (1 — 0) (1 — 02)/(1 — 6182). [9] 


This theorem answers the following 
question : Suppose we know how many 
errors are made in learning to use 
differential cue X and how many are 
used to learn cue Y, then how many 
errors will be made in learning a prob- 
lem in which either X or Y can be 
used (if X and Y are entirely dis- 
crete)? 

Eninger (4) has run an experiment 
which tests equation 9. Three groups 
of white rats were run in a T maze 
on successive discrimination problems. 
The first group learned a visual dis- 
crimination, black-white, the second 
group learned an auditory discrimina- 
tion, tone-no-tone, and the third 
group had both cues available and 
relevant. 

Since each group was run to a 
rigorous criterion, total error scores 
are used to estimate @, and @2 by equa- 
tion 8.3 The values estimated are 


3 Total error scores do not appear in 
Eninger's original publication and are no 
longer known. However, trials-to-criterion 
scores were reported. Total error scores were 
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6, = .020, based on an estimated 
average of 98.5 errors made on the 
auditory-cue problem, and 62 = .029, 
based on an estimated average of 
64.5 errors on the visual-cue problem. 
Putting these two values into equa- 
tion 9 we get 


8s = .029 + .020 + 2(.020) (.029)/ 
1 — (.020) (.029) 
= .049. 


This value of 6; substituted into 
equation 8 leads to the expectation of 
about 33 total errors on the combined 
cues problem. In fact, an average of 
26 errors was made by the four sub- 
jects on this problem. The predic- 
tion is not very accurate. However, 
only 14 animals were employed in the 
entire experiment, in groups of five, 
five, and four. Individual differences 
among animals within groups were 
considerable. If account is taken of 
sampling variability of the two single- 
cue groups and of the combined-cue 
group of subjects, the prediction is 
not significantly wrong. Further ex- 
perimentation is needed to determine 
whether the proposed law is tenable. 

It is easily seen that 63 will always 
be larger than 6; or 62 if all three 
problems are solved. Learning will 
always be faster in the combined-cues 
problem. Eninger (4) in his paper 
points out that this qualitative state- 
ment is a consequence of Spence’s 
theory of discrimination. However, 
Spence’s theory gives no quantitative 
law. 


TRANSFER OF TRAINING 


In order to apply this theory 
to transfer-of-training experiments in 
which more than one problem is used, 
certain assumptions are made. It is 


estimated from trials-to-criterion scores by 
using other, comparable data collected by 
Amsel (1). Dr. Amsel provided detailed 
results in a personal communication. 


assumed that if a cue is conditioned in 
one problem and appears immediately 
thereafter as a relevant cue in a new 
problem, it is still conditioned. Like- 
wise, an adapted cue appearing as an 
irrelevant cue in a new problem is 
adapted. However, if a conditioned 
cue is made irrelevant it is obviously 
no longer conditioned, since it cannot 
serve as a predictor of reward. Simi- 
larly, it is assumed that if an adapted 
cue is made relevant in a new problem, 
it becomes unadapted and available 
for conditioning. 

According to the present definition 
of conditioning, a conditioned cue 
contributes to a coprect response. 
Therefore the above assumptions will 
not hold if the relation between a cue 
and a reward is reversed in changing 
the problem. This theory cannot be 
used to analyze reversal learning, and 
is applicable only in cases in which 
relevant cues maintain an unchanging 
significance. 

If two problems are run under the 
same conditions and in the same appa- 
ratus, and differ only in the degree of 
difference between the discriminanda 
(as where one problem is a black- 
white and the other a dark gray-light 
gray discrimination), it is assumed 
that both problems involve the same 
cues; but the greater the difference to 
be discriminated, the more cues are 
relevant and the less are irrelevant. 


EMPIRICAL TESTS OF THE TRANSFER- 
OF-TRAINING THEORY 


As Lawrence (7) has pointed out, 
it seems that a difficult discrimination 
is more easily established if the sub- 
jects are first trained on an easy prob- 
lem of the same type than if all 
training is given directly on the diffi- 
cult discrimination. The experimen- 
tal evidence on this point raises the 
question of predicting transfer per- 
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formance from one problem to an- 
other, where the two problems involve 
the same stimulus dimension but differ 
in difficulty. 

Suppose that problems sı and sə 
both require a discrimination along 
the same stimulus dimension and 
differ only in that sə is more difficult 
than sı. Let 8, be the proportion of 
relevant cues in problem s, and @2 be 
the proportion of relevant cues in s2. 
Suppose that the training schedule 
involves 2 trials on problem sı fol- 
lowed by j trials on problem sx. Then 
the probability of a correct response 
on trial n + 7 is 

(o 


Oo + 4(1 — O2)* [0 — 02 + (1 — 0)" (1 — 1 


lem without prior experience, their 
performance on the first problem 
serves to estimate 6:, the proportion 
of relevant cues in the easier pretrain- 
ing problem. Lawrence replicated 
the experiment, having two experi- 
mental groups, ATG No. 1 and ATG 
No. 2, each of which transferred” 
abruptly from an easy pretraining 
problem to the test problem. Group 
ATG No. 1 had a very easy prob- 
lem for which we estimate 6, = .14. 
Group ATG No. 2 had a more diffi- 
cult problem for which 6:' = .07. 

For group ATG No. 1, 6: = .14, 
62 = .04, and # = 30 since thirty 


pin +j) = 


This theorem can be tested against 
the results of experiments reported by 
Lawrence (7). He trained white rats 
in one brightness discrimination and 
transferred them to a more difficult 
problem for further training. A con- 
trol group, ‘which Lawrence called 

HDG,” learned the hard test prob- 
lem without work on any other 
Problem. The performance of this 
control group is used to estimate 42, 
the proportion of relevant cues in the 
test problem. The value found was 
-04.5 Since the experimental subjects 
first worked on the pretraining prob- 


‘The justification of equation 10 involves 
no mathematical difficulties. On the first 
trial of transfer we know the probability 
that any cue relevant in the second problem 
is conditioned, since all cues relevant in the 
Second problem were relevant in the first. 
Similarly, we know the probability that é: of 
the iz irrelevant cu@s are adapted. The 
other iz — i cues are unadapted. Equations 
‘ and 2 can be applied at this point, and all 
we divided by rı + i1(= re + is). 

These estimates were made by the un- 
Satisfactory method of fitting equation 7 to 
eeu average learning curves. Therefore 
RE results regarding Lawrence's experiment 

approximate, 


b + (1 — 0) [0 — 02 + (1 — 0] 


=] tio 


trials of pretraining were given. From 
this information we can compute 
p(n + j) for all j, using equation 10. 
The predicted transfer performance is 
compared with observed performance 
in Table 1. For group ATG No. 2, 
6,’ = .07, 02 = .04, and » = 50 since 
fifty trials of pretraining were given. 
Here also, p(n + j) can be computed. 
Prediction is compared with observed 
performance in Table 1, from which 
it can be seen that the predictions are 


TABLE 1 


PREDICTION OF EASY-TO-HARD TRANSFER 
mv Rats* 


Proportion of Correct Responses 


Trials of 
Transfer 
Training 


Group ATG 1 Group ATG 2 


Observed | Predicted | Observed | Predicted 


——“— 


1-10 | .66 63 81 71 
11-20 | -70 68 83 "21 
21-30 | -74 vp 81 ‘81 
31-40 | -84 78 
41-50 | .86 83 


ESS SSS 


* Data from Lawrence (7), 
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relatively accurate, though perform- 
ance is higher than predicted. > 

Lawrence also considered the possi- 
bility that a gradual transition from 
easy through successively harder prob- 
lems would result in rapid mastery of 
the difficult problem. He tested this 

“ proposition by giving another group 
of subjects a series of three pretest 
problems before the final test problem. 
The problems in order of ease of learn- 
ing were, first, the problem learned by 
ATG No. 1 with 6; = .14, an inter- 
mediate problem which was not other- 
wise used, the difficult pretest problem 
with 0; = .07, and finally the test 
problem with 4, = .04. 

To estimate 0z in Lawrence's experi- 
ment where problem s» never was 
used separately in simple learning, 
we notice the relation of @ to differ- 
ences between discriminanda in appa- 
rent foot-candles for problems Si, 53, 
and s, whose @ values are known. 
We know that if the problems are 
properly controlled, and the stimulus 
difference is zero foot-candles, there 
are no relevant cues and @ is zero. It 
was found that this assumption, along 
with available data, made it possible 
to write a tentative empirical function 
relating @ to the difference between 
discriminanda in foot-candles. This 
equation presumably holds only in the 
case of Lawrence’s apparatus, train- 


TABLE 2 


THE RELATION OF “DIFFERENCE BETWEEN 
STIMULI” AND @ VALUE OF PRoBLEM* 


Difference Between Corresponding 


Discriminanda in @ Value of 


Apparent Foot-Candles Problem 
67,7 14 
35.2 SUN ia 
14.0 .07 
5.9 .04 
0.0 .00f 


* Data from Lawrence (7). 
a Estimated by interpolation from empirical equa- 
A on e 


t Theoretical—-see text for explanation. 


TABLE 3 


PREDICTION OF TRANSFER PERFORMANCE OF 
RATS AFTER A SERIES OF PRETRAINING 
PROBLEMS* 


Trials Working Proportion of Correct Responses 


on Final Test 
Problem Observed Predicted 
1-10 73 73 
11-20 82 79 e 
21-30 87 84 
31-40 89 87 
41-50 90 90 


* Data from Lawrence (7). 


ing procedure, subjects, etc. The 
equation adopted is 


6 = .0988 logi(.4d) [11] 


where d is the difference between dis- 
criminanda in foot-candles. It is em- 
phasized that this equation has no 
theoretical significance and is merely 
expedient. From equation 11 it is 
possible to determine the 0 value of 
the intermediate pretraining problem 
by interpolation. Table 2 gives the 
data and results of this interpolation. 

Ten trials were given on each of the 
first three problems and fifty trials 
on the final test problem. Using the 
@ values in Table 2 it is possible to 
predict the test problem performance 
of subjects who have gone through 
gradual transition pretraining.® This 
prediction is compared with observed 
performance in Table 3. It may be 
noted that the correspondence be- 
tween prediction and observation is 
in this case very close. Again, how- 
ever, the prediction is consistently a 


little lower than observed perform- 
ance. n 


ê The general prediction for transfer through 


a series of problems which get successively 
more difficult can be derived by following 
through and repeating the reasoning in foot- 
note 4. Since the resulting equations are 
extremely large and can be derived rather 
easily, they are not given here, 


=e le a 


* size, 
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(à) 
New DATA 


“The theory has thus far been tested 
against the behavior of rats. Its 
generality is now tested with college 
students in a simple discrimination 
learning task. 


Subjects and procedure. The subjects in 
this experiment were 23 students in the ele- 
“mentary psychology course at Stanford Uni- 
versity. The S was seated at one end of a 
table and told that his responses could be 
either “A” or “B”. On each trial S saw a 
single stimulus, which was a black square on 
a circular white background. The two 
squares used on alternate trials differed in 
e. In problem sı the squares differed in 
height by } in., in problem sz they differed 
by 4 in, The mean height of each pair of 
squares was 3 in. The squares were viewed 
at a distance of about 6 ft. 

For half the Ss in each experimental group, 
the problem was to say “A” to the smaller 
square and “B” to the larger one. The other 
Ss had the converse problem. The S was 
never told that the problem was a size dis- 
crimination. Stimuli were alternated ran- 
domly. A rest period was called after each 
ten trials and S was asked what he thought 
the correct solution to the problem was, and 
to outline possible solutions which had oc- 
curred to him. This method of questioning 
is a modification of Prentice’s method (8). 

Twelve Ss were trained first on problem sı 
to a criterion of 15 successive correct responses 
and then transferred to problem sz and run to 
the same criterion. These Ss made up the 

Easy-Hard Transfer Group” called EH. 
The other 11 Ss were trained first on sz and 
then transferred to sı This was the ‘‘Hard- 
Easy Transfer Group” called HE. The two 
groups were approximately equated for age, 
Sex, and known special visual skills. 


Results. Using the pretraining per- 
formance of the EH group, the aver- 
age Proportion of relevant cues, 41, 
Was estimated at .254 by equation 8. 
Using the pretraining performance of 
the HE group, the‘average proportion 
of relevant cues in problem sz was 
estimated at 02 = .138. 

The transfer performance of group 

H, which first learned the easy and 

en the hard problem, is predictable 

Y equation 10. Since these subjects 
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worked to a high criterion in pretrain- 
ing, we can assume that p(m) is 
negligibly different from one at the 
end of pretraining. Then by equa- 
tion 7 we see that (1 — 01)” is small, 
and equation 10 simplifies to 


n _02+3 (1—0) (01 — 02) 
p(n+j)= pee (1—62)* (01 — 62) G [12] 


This theoretical function of j is com- 
pared with observed transfer per- 
formance in Table 4. It is seen that 
the correspondence is quite close with 
a negligible constant error. 

This prediction is based on the 
formula which also predicted Law- 
rence’s rat data. This confirmation 
suggests that the law can be applied 
to human as well as rat performance 
on this type of task. 

Using the line of reasoning which 
developed equation 10 we can pro- 
duce an equation to predict transfer 
performance from hard to easier prob- 
lems of the same sort. Certain cues 
are relevant in the easy problem 
which were irrelevant in the harder 
one. These cues cannot be identified 
in the hard problem. For perform- 
ance to be perfect in the easier prob- 
lem all relevant cues must be identi- 
fied. Therefore, when the subject 
transfers from the hard to the easier 


TABLE 4 


PREDICTION OF TRANSFER OF TRAINING FROM 
EASIER TO HARDER PROBLEM IN 
HUMAN SUBJECTS 


Proportion of Correct Responses 


Trials after 
Transfer to 
Second Problem Observed Predicted 

1-5 817 821 
6-10 -933 895 
11-15 -926 941 
16-20 +933 966 
21-25 -966 988 
26-30 983 994. 
31-35 1.000 1.000 


4 
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TABLE 5 


PREDICTION OF TRANSFER OF TRAINING FROM 
HARDER TO EASIER PROBLEM IN 
Human SUBJECTS 


Proportion of Correct Responses 
Trials After p 


Transfer to 
Second Problem 


Observed Predicted 
1—4 -932 -883 
5-8 955 -960 
9-12 -955 -984 
13-16 1.000 -995 


problem we should expect some small 
number of errors to be made. On the 
assumption that the hard problem 
was completely learned in pretraining, 
the formula for transfer performance 
on the easy problem is 


02+ (81 — 92) (1 —0:) 1 
1 


(nti) = 7 


[13] 
where 4; is the proportion of relevant 
cues in the easy problem and 02 is 
the proportion of relevant cues in the 
harder problem. The proof of this 
theorem is similar to that of equation 
12 above, and is not given here. 

Equation 13 yields the prediction 
for transfer performance of the HE 
subjects. In Table 5 the prediction 
is compared with observed transfer 
performance. 

Despite the very small frequencies 
predicted and observed, the predic- 
tion is quite accurate. In all, seven 
errors were made by eleven subjects, 
whereas a total of eight were expected. 
This is an average of .64 errors per 
subject observed, and .73 predicted. 


Discussion 


The definition of a “cue” in terms 
of possible responses is selected be- 
cause the theoretical results do not 
depend critically upon the nature of 
_, the stimulating agent. While cues 

are thought of as stimulus elements, 


these elements need not be of the 
nature of “points of color” or ‘‘ele- 
mentary tones.” If a subject can 
learn a consistent response to a certain 
configuration despite changes in its 
constituents, then the configuration 
is by definition a cue separate from 
its constituents. The intention is to 
accept any cue which can be demon- 
strated to be a possible basis for a 
differential response. 

The process of conditioning de- 
scribed in this paper is formally 
similar to the processes of condi- 
tioning of Estes (5) and Bush and 
Mosteller (2,3). In the present 
theory conditioning takes place at 
each trial, not only on “reinforced” 
trials. In earlier theories condition- 
ing is said to occur only on such rein- 
forced trials. In two-choice discrimi- 
nation the incorrect response has a 
high initial probability (one-half) be- 
cause of the nature of the physical 
situation and the way of recording 
responses. Therefore, a theory of 
two-choice learning must account for 
the consistent weakening of such re- 
sponses through consistent nonrein- 
forcement. 

The notion of adaptation used here 
is formally analogous to the operation 
of Bush and Mosteller’s Discrimina- 
tion Operator “D” (3). However, 
whereas Bush and Mosteller’s operator 
is applied only on trials in which the 
reward condition is reversed for a cue, 
the present theory indicates that this 
process takes place each trial. In 
addition, while the Discrimination 
Operator and the process of adapta- 
tion are both exponential in form, 
Bush and Mostell+r introduce a new 
exponential constant k for this pur- 
pose and the present theory uses the 
conditioning constant 0. 

The major point differentiating the 
present theory from similar earlier 
theories is the use of the strong sim- 


~ 
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plifying assumption identifying the 
exponential constant @ with the pro- 
portion of relevant cues. This as- 
sumption may appear intuitively un- 
likely, but if it should be shown by 
further experiment to be tenable, the 
predictive power of discrimination 
learning theory is enhanced. There 
seems to be no reason for abandoning 
so useful an assumption unless experi- 
mental results require it. 


SUMMARY 


: A theory of two-choice discrimina- 
tion learning has been presented. 
The theory is formally similar to 
earlier theoriés of Estes (5) and Bush 
and Mosteller (3) but differs some- 
what in basic concepts and uses a 
new simplifying assumption. 

From this theory three empirical 
laws are derived ; one dealing with the 
combination of relevant cues, and two 
dealing with a special type of transfer 
of training. These laws permitted 
quantitative predictions of the be- 
havior of four groups of rats and two 
groups of human subjects. Five of 
these six predictions were quite accu- 


rate, and the sixth was within the 
range of reasonable sampling devia- 
tion. 
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Hull (8), Gibson (6), Dollard and 
Miller (3), and others (e.g, 1, 2, 5, 
13) have been concerned with the role 
of response-produced stimuli in gener- 
alization and discrimination phenomena, 
verbal rote learning, and other complex 
behaviors.” Of these treatments, Dol- 
lard and Miller’s mechanisms or para- 
digms of acquired equivalence and ac- 
quired distinctiveness of cues seem to 
provide the most explicit and general 
stimulus-response scheme. However, be- 
cause of their interest in applying these 
paradigms to social and neurotic behav- 
ior, they gave relatively less attention 
to explicit assimilation of the mecha- 
nisms within the network of laboratory- 
established principles of animal and hu- 
man learning. 

Accordingly, it appears desirable to 
extend the Dollard and Miller analysis 
in three directions: (a) to formulate a 
more general dimensional model—within 
which acquired equivalence and distinc- 
tiveness appear as special cases—of the 
interaction of external cues, response- 
produced cues, and instrumental re- 
sponses; (b) by means of this dimen- 
sional model, taken in combination with 
general principles of response acquisi- 


1R. M. Gagné, I. L. (Rossman) Gerjuoy, 
R. B. Holton, and N. E. Miller (personal 
communications) have contributed suggestions 
which, while not specifically acknowledged, 
have been most useful. In addition, the au- 
thor is greatly indebted to M. E. W. Goss, 
W. E. Jeffrey, D. S. Palermo, and B. J. Un- 
derwood for critical readings of parts or all 
of various versions of the manuscript. 

2Since this article is not intended as an 
exhaustive survey of relevant literature, only 
selected studies and theoretical papers have 


“peen noted. Other pertinent materials have 
been noted in (1, 7, EIF 12; 17): 
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tion and retention, to derive illustrative 
relationships between the acquisition of 
cue-producing responses and subsequent 
learning of instrumental responses; and 
(c) within the framework of the dimen- 
sional scheme and learning principles, 
to reinterpret a number of special learn- 
ing and thinking phenomena such as re- 
hearsal, familiarity and meaningfulness 
of stimuli, and concept formation.* The 
first two of these tasks are essayed in 
the present paper; the third will be 
treated in a later publication. 


DIMENSIONAL ANALYSIS 


Elements in the mechanisms sug- 
gested by Dollard and Miller which 
provide the basis for a more general di- 
mensional analysis of the functional sig- 
nificance of response-produced stimuli 
for instrumental behavior are external 
stimuli, cue-producing responses and re- 
sultant cues, and emotional or instru- 
mental responses. In line with these 
authors, cue-producing responses will be 
defined functionally rather than topo- 
graphically (3, p. 99). Verbal mediat- 
ing responses and emotional or non- 
verbal instrumental responses were of 
greatest concern to Dollard and Miller 
and will be emphasized in the present 
context. However, manipulative and 
other nonverbal responses (1, 10) can 
presumably function as mediating proc- 


esses in both human and infrahuman 
behavior. 


3A dimensional model is here considered as 
the outcome of an analysis of particular be- 
havioral phenomena into stimulus and re- 
sponse variables and possible interrelation- 
ships among those dimensions. 
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Dollard and Miller’s Mechanisms 


Dollard and Miller have defined or 
specified the functional properties of ac- 
quired equivalence and acquired distinc- 
tiveness as follows: 


Acquired equivalence. “Attaching the same 
cue-producing response to two distinctive 
stimulus objects gives them a certain learned 
equivalence increasing the extent to which in- 
strumental and emotional responses will gen- 
eralize from one to the other” (3, p. 101). 
` Acquired distinctiveness. “Attaching dis- 
tinctive cue-producing responses to similar 
stimulus objects tends to increase their dis- 
tinctiveness” (3, pp. 101-102). 


These mechanisms have been dia- 
grammed in Fig. 1 by the use of bright 
(Ss), medium (Sar), and dim (Sp) in- 


Sg— — 
A Se = =R 
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ACQUIRED EQUIVALENCE 


ee Reana SAL 


ACQUIRED DISTINCTIVENESS 


External Mediating Mediating Instrumental 
timuli Responses Stimuli Responses 


„Fic. 1. Acquired-equivalence and acquired- 
distinctiveness relationships as postulated by 
Dollard and Miller. 


tensities of light from a single source 
as external stimuli, two verbal responses 
(Ryer, Rnig) each producing cues (Sjers 
Shio), and two instrumental responses 
of moving a lever attached to a uni- 
versal joint to the right (Re) or left 
(Rz).* The solid lines of the top dia- 
gram represent an acquired-equivalence 
Condition involving two physically dis- 
similar lights, Sz arfd Sp, each of which 


a The prototypes of Fig. 1 and subsequent 

hae were originated by Birge (1) and 

ERE developed by Thompson (17). In this 

sien e, the pairs of terms, cue-producing re- 

neat and mediating response, and response- 

ne uced cues (stimuli) and mediating cues 
muli), are used interchangeably. 


evokes the sequence Ryer Sjo BE 
cause of the common verbal cue, Sjer, 
the resultant stimulus patterns, Ss + 
Sier and Sp + Sjer, are assumed to be 
more similar to each other than Sp and 
Sp alone. Therefore, as indicated by 
the dashed lines, conditioning Sp + Sjer 
to Rz should result in greater prob- 
ability that Sp, through the presence of 
Sjer in the pattern Sp + Sjer, would 
evoke Rz, than would have been the 
case had Sp alone been conditioned to 
Rz with a subsequent test for generali- 
zation of Rz to Sp. 

An acquired-distinctiveness relation- 
ship is depicted in the bottom diagram. 
Two similar stimuli, Sp and Sy, lead 
to different and dissimilar response-pro- 
duced cues, Sjer and Snig, respectively. 
It is assumed that the resultant stimu- 
lus patterns, Sp + Sjer and Su + Sato 
are more dissimilar than Sp and Sm 
alone. Accordingly, less generalization 
of Rz from Sg + Sjer to Sar + Snig and 
of Rp from Sar + Snig to Sp + Sjer would 
be anticipated than under the condition 
of Sp and Sx alone as differential cues 
for the two instrumental responses. 
Also, because of greater distinctiveness, 
more rapid acquisition of Sp + Sjer =- 
R; and Sar + Snig-— Rr (broken lines) 
is predicted than of Sp-—Rz and Su 
—- Rpr. 


The Dimensional Model 


Expansion of the number of stimulus- 
response components and more explicit 
consideration of degree of similarity of 
external and mediating cues will here 
constitute the initial steps in the de- 
velopment of a more general model. 
The role of response probability will 
then be considered. After acquired 
equivalence and acquired distinctive- 
ness have been redefined within the ex- 
panded model and other relationships 


suggested, the final step of the dimen- 


the assimila- 
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tion or representation within the model 
of additional variables and relation- 
ships. 


Expansion 
Number of components. In Fig. 2 
. the number of stimulus-response com- 
‘ponents has been increased from three 
to four different intensities of white 
light (very bright, Syg; bright, Sg; 
dim, Sp; and very dim, Syp) and from 
two to four nonsense syllable responses 
(Riers Rners Rneg, Rnig) of differing for- 
mal similarity each producing corre- 
sponding cues (Sjer, Sners Snep) Sntg)- 
Acquired equivalence is represented in 
the top diagram if it is assumed that 
the patterns Syg + Sjer, Sp + Sie SD 
+ Sjer, Syg + Sjer, which result from 
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Syp——___R jer-~_~Sier 
Sp—Rner~_~S ner 


Sp——Rneg~_>S neg. 
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Stimuli Responses Stimuli” 


pa Fic. 2, Expansion of stimulus-response com- 
ponents of acquired-equivalence and acquired- 
distinctiveness paradigms. 


the evocation of Rje by each of the 
four external stimuli, are more similar 
than the four lights alone. In the bot- 
tom diagram, the stimulus patterns Syg 
+ Sjer, Sp + Sner, Sp + Snegy Syp + Snig 
are conceived as less similar than the 
four intensities alone. Thus, the addi- 
tion of mediating cues presumably pro- 
vides acquired distinctiveness or dis- 
similarity among the more similar ex- 
ternal cues. 

With respect to acquired equivalence, 
greater similarity of the external cues 
should decrease the contribution of the 
common mediating component of the 
stimulus pattern, while less similarity 
of these cues should increase this con- 
tribution. The degree of similarity of 
both external and mediating cues is also 
relevant for acquired distinctiveness.’ 
For example, high similarity among ex- 
ternal cues will require greater dissimi- 
larity among response-produced cues to 
produce stimulus patterns of the same 
degree of distinctiveness than in the 
case of external cues of an intermedi- 
ate degree of similarity. Thus, in more 
general terms, similarity of stimulus 
patterns must be specified as some 
joint product of degree of similarity 
among sets of external and mediating 
cues, 

Other combinations of external and 
mediating cues can be formed. Thus 
Syg and Sg might both evoke Rj, ~~ 
Sjer, While Raig ~~Spig is elicited by 


5 Similarity can be expressed in physical 
terms as extent of differences along physical 
dimensions. Differences in numbers of com- 
mon elements can also be used. Psychophysi- 
cal definitions of similarity are functions of 
such differences, the experimenter’s instruc- 
tions, and subjects’ responses. Also, although 
Possibly subsumed under the instructions fac- 
tor, mediating stimuli probably play a role in 
such determinations. For the analytical pur- 
Pose of the present Paper, however, it is as- 
sumed that the relative similarity of external 
and of mediating cues can, in principle, be 
specified. separately with a minimum of in- 
volvement of other mediating cues, 
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Fic. 3. Acquired equivalence and acquired 
distinctiveness including response probabilities 
and instrumental responses. 


both Sp and Syp. The equivalence of 
the Sy, and Sy pair and of the Sp and 
Syp pair would then be increased, with 
a concomitant increase in the distinc- 
tiveness of the stimuli of the former 
pair with respect to those of the latter 
pair. 

Instrumental responses and response 
probabilities. Movements of a lever to 
the left (Rz), forward (Rr), right 
(Rr), or backward (Rz) have been in- 
troduced as instrumental responses (Fig. 
3). Also, assumed probabilities that ex- 
ternal or mediating stimuli will evoke 
the responses have been added. These 
probabilities have been specified by the 
numbers in the breaks of the lines 
which connect various stimuli and re- 
Sponses. Specific assumptions concern- 
ing the probabilities that stimuli will 
evoke responses are: (a) the probability 
that a given stimulus will evoke a re- 
Sponse varies from .00 to 1.00 (where 
no lines connect stimuli and responses, 
the Probability of response occurrence 
to those stimuli is taken as .00); (b) 


external and/or mediating stimuli can 
elicit one, two, or more mediating or in- 
strumental responses subject to the re- 
striction that the separate probabilities 
summate to a maximum of 1.00; and 
(c) the sets of probabilities that ex- 
ternal cues will arouse two or more 
mediating and/or instrumental responses” 
are independent of the probabilities that 
response-produced cues will elicit one 
or more instrumental responses. For 
expository purposes these probabilities 
are taken as resultant probabilities. 
That is, they are considered the out- 
come of the absolute and relative 
strengths of the habits for competing 
responses (8) or of trial-by-trial varia- 
tions in samples of elements (4). It is 
also assumed that each mediating re- 
sponse will evoke only one mediating 
stimulus, this sequence being given a 
probability of 1.00. 

The incorporation of response prob- 
abilities within the model will ulti- 
mately require more specific consid- 
eration of procedures for combining 
separate probabilities that external and 
mediating cues elicit instrumental re- 
sponses.© With probabilities that ex- 
ternal cues evoke instrumental responses 
held constant, however, the probabili- 
ties of occurrence of instrumental re- 
sponses will be products of the sepa- 
rate probabilities of external cues arous- 
ing mediating stimuli and of mediating 
stimuli evoking instrumental responses. 

Furthermore, acquired equivalence 
and acquired distinctiveness must now s 
be treated in probability terms. Be- 
cause of the assumed probabilities of 
50 for associations between external 
cues and mediating responses in the 
diagrams of Fig. 3, acquired equiva- 

6 Hull’s (8) procedure for habit summation 
represents one attempt to deal with this gen- 
eral problem. Or, the problem might reduce 
to a solution such as a larger “N” within 


Estes and Burke’s (4) statistical conceptie 
of learning. 
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lence or acquired distinctiveness will 
operate on only one-half of the occur- 
rences of external stimuli. Of course, 
the probabilities of .50 that external 
and mediating stimuli elicit instrumen- 
tal responses introduce additional con- 
tingencies. 

Any values from .00 to 1.00 could 
have been substituted in Fig. 3 for the 
illustrative probabilities of .50. With 
stimulus-response associations thus con- 
ceived, acquired equivalence and ac- 
quired distinctiveness appear as special 
cases or extremes of phenomena exist- 
ing in degree. Moreover, in order for 
either mechanism to play a significant 
role in the acquisition and evocation of 
instrumental responses, the probabili- 
ties that given external stimuli will 
arouse cue-producing responses should 
approach 1.00. - ` 

Recognition should also be given to 
the possibility that low probabilities for 
cue-producing responses of acquired 
equivalence or distinctiveness and high 
probabilities of occurrences of other 
verbal responses might retard the ac- 
quisition of discriminative or general- 
ized instrumental responses. In the ac- 
quired equivalence diagram of Fig. 3, 
for example, the arousal of Raig by Syp 
instead of Rje should decrease generali- 
zation of Rz from Syg to Syp. Or, in 
the bottom diagram, because of the 
similarity of Sneg and Snig, arousal of 
Raes by Syp might increase the simi- 
larity of Syp and Sp and thus slow 
down the acquisition of the discrimina- 
tive instrumental responses, Rp and Rp, 
to Sp and Syp, respectively. 


Additional Variables and Relationships 


The significance of stimulus com- 
plexity, relationships among cue-produc- 
ing responses, and “warm-up” phe- 
nomena for acquired equivalence and 
distinctiveness has received little atten- 

_ tion. As a consequence, the steps which 
follow are preliminary efforts to pro- 


vide more explicit representation of 
these variables and conditions. 

Stimulus complexity. The stimulus- 
response conditions of learning tasks are 
rarely as simple as those in Fig. 1, 2, 
and 3. External cues can differ multi- 
dimensionally; each one may be some 
unique combination of values along two 
or more dimensions. Spatial and/or 
temporal patterns are a second source 
of complexity. A third source of com- 
plexity is represented in the two sets of 
differential external stimuli of many in- 
strumental response tasks. One set is 
the lights or other stimuli which, under 
appropriate instructions, arouse cue-pro- 
ducing and/or instrumental responses. 
Many motor tasks also involve sets of 
levers, knobs, buttons, etc. whose selec- 
tion and manipulation constitute in- 
strumental responses. Thus, each of 
the actual differential cues of many in- 
strumental tasks might be considered 
a two-component pattern made up of 
one of the manipulanda for the instru- 
mental responses and a paired, spatially 
separated “signalling” cue such as one 
of the lights.” 

These variations, alone or in com- 
bination, raise the possibility that each 
complex external cue of verbal or mo- 
tor tasks will elicit several verbal re- 
sponses. Some verbal responses of 
varying probabilities of occurrence will 
probably be unique to a given complex 
cue, while others might be aroused by 
two or more of the complex cues. 

Figure 4 schematizes relationships 
which might be obtained for stimulus 
complexity based on multidimensional 
variation. The external stimuli are dia- 
grammed as differing with respect to in- 
tensity, wave length, and simple form. 
Probabilities with which each stimulus 
arouses verbal responses for differences 


Tig receptor-orienting responses (16, 18) 
must be learned to assure differential stimula- 
tion, an additional set of response-produced 
cues is introduced. 
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Fic, 4. Acquired-equivalence and acquired- 
distinctiveness relationships for complex stimuli. 


along each of these dimensions have 
also been intreduced. High probabili- 
ties for form responses (Reircte Rrezagons 
etc.) would provide acquired distinc- 
tiveness. On the other hand, if the 
two bright and the two dull, or the two 
white and the two yellow, evoked their 
common responses with high probabili- 
ties, some degree of acquired equiva- 
lence would obtain. Because of the low 
response probabilities which have been 
assumed, however, neither mechanism 
would be consistently operative. 
Complexity of mediating cues must 
also be recognized. Verbal mediating 
cues can differ multidimensionally with 
respect to duration and amplitude. Or, 
Such cues might be single letters or 
numbers or increasingly complex com- 
binations of such elements as nonsense 
Syllables, words, or identifying num- 
bers. Furthermore, response-produced 
Cues can presumably elicit other cue- 
Producing responses. Therefore, vary- 
ing degrees of complexity might arise 
from patterns of cues produced by se- 
quences of cue-producing responses. 
Relationships: between mediating re- 
Sponses. Associations between response- 
Produced cues and ‘cue-producing re- 
SPonses might have other effects. Thus, 
Bs Fig. 3 if Snig came to elicit Rue, the 
quired distinctiveness of Syp and Sp 
would be reduced. Although not dia- 


grammed in Fig. 3, occurrences of 
parallel sequences of different cue-pro- 
ducing responses such as Syp leading 
to Rnig —~ Snig 
Rnor ~~ Snor and Sp arousing Rneg ~~ 
Sneg Rouz ae Sous Raas = 
Saas, by adding further distinctive re- 
sponse-produced cues to the stimulus 
patterns, should produce greater dis- 
similarity. Also possible are situations 
in which dissimilar external cues elicit 
sequences of verbal responses that pro- 
duce increasingly similar verbal stimuli 
and thereby enhance equivalence. Other 
relationships between cue-producing re- 
sponses have been treated in detail by 
Cofer and Foley (2). 

Warm-up, etc. It has been observed 
that pretask experiences which are rela- 
tively nonspecific to the stimulus-re- 
sponse relationships of the tasks some- 
times influence subsequent acquisition 
or retention of such relationships. The 
apparent effects of these pretask or 
warm-up experiences have been ex- 
plained by hypothesizing learning-how- 
to-learn and learning set processes. In 
turn, these hypothesized processes have 
been reduced to postural adjustments, 
receptor-orienting and exposure Te- 
sponses, etc. (9). 

To the degree that pretask experi- 
ences lead to the development of pos- 
tural adjustments, and to receptor- 
orienting and exposure responses, the 
proportions of learning or retention 
trials on which external stimuli are 
“paid attention to” or received and/or 
the duration of reception on each trial 
should increase. The more frequent 
and longer the reception of stimuli the 
greater the number of cue-producing 
responses which would be elicited on 
each trial. Furthermore, higher prob- 
abilities of the occurrence of a given 
response on a single trial as well as in- 
crements in the number of mediating 
cue and. cue-preducing response rela- 
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tionships would be anticipated. Thus, 
warm-up could be conceptualized within 
the dimensional model as increased 
numbers and probabilities of occurrence 
of cue-producing responses on each 
trial. In addition, for some tasks the 
acquisition of receptor-orienting re- 
sponses would heighten the probability 
that critical differential cues would be 
received. Such responses would have 
the effect of increasing the dissimilarity 
of external cues (16, 18). Under some 
conditions, however, enhanced simi- 
larity might result. 

The number and probabilities of oc- 
currence of cue-producing responses 
might also be altered by experiences 
which are more specific to the external 
stimuli. For example, it has been ob- 
served that experiences in seeing or 
seeing and discriminating stimuli influ- 
ence subsequent discriminative motor 
learning (7). The strengthening of re- 
sponses of looking for the specific parts 
or part-characteristics which differenti- 
ate complex stimuli might also be rele- 
vant (14). Finally, experiences or in- 
structions which alter the probabilities 
of occurrence of responses to the di- 
mensions along which sets of external 


stimuli are the same or different should 
be considered. 


Summary of Dimensional Scheme 

The interactions of cue-producing and 
instrumental responses in complex be- 
haviors can be dimensionalized in terms 
of the number, similarity, probabilities 
of occurrence, and complexity of the 
following factors: (a) external stimu- 
lus events, (b) cue-producing responses 
and response-produced cues occurring in 
the presence of given external stimuli, 


(c) cue-producing responses and re- 
sultant 


as functions of external and/or re- 
sponse-produced stimuli. Within this 
framework Dollard and Miller’s para- 
digms of acquired distinctiveness and 
equivalence appear as particular com- 
binations of stimulus-response compo- 
nents. Warm-up experiences are pre- 
sumed to influence subsequent behavior 
by leading to conditions which alter the 
number and probabilities of cue-pro- 
ducing responses. 


DIMENSIONAL ANALYSIS AND 
LEARNING PRINCIPLES 


The presence of acquired distinctive- 
ness, acquired equivalence, or other 
verbal-motor response rélationships de- 
pends on particular combinations of 
probabilities of occurrence of cue-pro- 
ducing and/or instrumental responses. 
These combinations can be expected to 
vary as functions of classes of conven- 
tional learning variables (e.g., parame- 
ters of reinforcement of component 
stimulus-response units). Therefore, the 
usefulness of the dimensional scheme, 
when supplemented by general learning 
principles (13), will be illustrated by 
Presenting quasi-quantitative, semifor- 
mal derivations of relationships between 
the conditions under which cue-produc- 
ing responses are acquired and subse- 
quent learning of instrumental responses. 
Specifically, model derivations will be 
outlined for direction and amount of 
transfer to discriminative motor learn- 
ing as a function of number of discrimi- 
native verbal learning trials, and as in- 
fluenced by the similarity of external 
cues common to both verbal and motor 
tasks. Possible relationships between 
motor learning and selected additional 
variables will then be noted without, 
however, detailed development of spe- 
cific hypotheses, + 


Model Derivations 


Number of verbal learning trials. On 
the assumption that dissimilar verbal 
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lationship between direction and amount of 
ransfer and number of verbal learning trials. 


responses to similar external stimuli in- 
crease differences in stimulus patterns, 
Mcreased probabilities of verbal re- 
Sponses should occasion variation in the 
rate of learning of discriminative instru- 
mental responses to the same stimuli. In 
order to specify direction and amount 
of transfer, however, possible effects of 
8eneralized responses must be consid- 
ered. Because of primary stimulus gen- 
eralization, each external cue will elicit 
Not only its paired (“correct,” dissimi- 
lar, or discriminative) response but also 
generalized responses (errors of gener- 
alization, “confusions,” intralist intru- 
Sions). Enhanced similarity arising 
from acquired equivalence attributable 
to generalized responses will tend to 
Offset increased dissimilarity of external 
and verbal cue patterns based on the 
acquisition of dissimilar labels. 

Gibson (6) has hypothesized that 
while frequency of correct responses in- 
creases monotonically as a function of 
trials, the curve for generalized re- 
Sponses increases tg a maximum and 
then decreases. If both generalized 
and correct responses increase initially, 

Owever, the interfering effects of the 
8eneralized responses should preclude 
ee Positive transfer to discrimina- 

Motor tasks until sufficient trials 
ave been given for these responses to 


begin to decline in frequency. If gen- 
eralized responses increase more rapidly 
than correct responses, small numbers 
of verbal learning trials might lead to 
some negative transfer. Relative rates 
of rise of correct and generalized re- 
sponses (and, by implication, the forms 
of transfer curves) are considered func- 
tions of degree of similarity of external 
cues. It has been assumed that the 
curves of Fig. 5 approximate those 
which might be obtained with external 
stimuli of an intermediate degree of 
similarity. Contingent on the relative 
rates of increase of correct and gener- 
alized responses, hypothesized directions 
and amounts of transfer to discrimina- 
tive motor learning have been plotted 
as functions of number of discrimina- 
tive verbal learning trials. A more 
rapid initial rise of correct responses 
should result in the solid-line relation- 
ship. The broken-line curve might be 
obtained with steeper initial increases 
in generalized responses. 

Although consistent with the notion 
of a slow initial rise, neither the Gagné 
and Baker (5) nor the Rossman and 
Goss (14) findings are based on suffi- 
cient points to decide between these 
alternative curves. Because only high 
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Fic. 6. Predicted family of curves for per- 
centages of correct motor choices as a func- 
tion of number of motor learning trials with 
amount of prior verbal training as the pa- 
rameter. 
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levels of verbal response strength or 
one degree of verbal learning was em- 
ployed, the results of other studies can- 
not be used for such a decision. 

Proceeding on the basis of the broken- 
line or negative-transfer curve, number 
of verbal learning trials was used to 
generate a hypothetical family of curves 
relating percentages of correct motor 
discriminations to number of motor 
learning trials (Fig. 6). The slow 
initial rises for the curves with i, 0, 
j, and m discriminative verbal learning 
trials as parameters also stem from the 
assumption that generalized responses 
interfere with facilitation attributable 
to different verbal responses to each 
stimulus. Thus the greater the number 
of generalized responses, the greater 
and more prolonged the interference 
with acquisition of motor discrimina- 
tions. Rossman and Goss (14) and 
Smith and Goss (15) obtained curves 
with slow initial rises in correct motor 
discrimination measures. While Gagné 
and Baker’s (5) curves for response 
times are negatively accelerated, the 
plots of errors for the 0-, 8-, and 16- 
trial verbal learning conditions could 
be the initial segments of S-shaped 
curves. The curve for correct responses 
of McAllister’s (11) group 2 exhibits 
relative flatness over the first three 
trials followed by a negatively acceler- 
ated increase. 

Similarity of external stimuli. Disre- 
garding prior verbal learning, the diffi- 
culty of discriminative motor learning 
should, through changes in the relative 
frequencies of occurrence of correct and 
generalized verbal responses, vary with 
similarity of external cues. Specifically, 
increasing similarity of external cues 
should lead to lower rates of rise and to 
lower final asymptotes for correct verbal 
response curves. Generalized verbal re- 
Sponses would be expected to rise more 
tapidly to higher levels and then to de- 
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Fic. 7. Predicted family of curves for di- 
rection and amount of transfer to a motor 
task as a function of the number of dis- 
criminative verbal learning trials with simi- 
larity of stimuli as the parąmeter. 


crease from the maxima less rapidly as 
a function of increasing similarity. 

Figure 7 represents hypothesized re- 
lationships between transfer and num- 
ber of verbal learning trials for sets of 
external stimuli which are assumed to 
be very dissimilar, of an intermediate 
degree of similarity, or very similar. 
Although plotted against the same zero 
(0) transfer line, a different control 
group would be necessary for each de- 
gree of similarity. Negligible occur- 
rence and strengthening of mediating 
responses during the course of instru- 
mental learning have been assumed. 
Because dissimilarity of external cues 
should result in relatively infrequent 
generalized verbal responses, it is prob- 
able, as suggested by the dotted-line 
curve, that only facilitation with little 
or no positive acceleration would be 
observed. The solid- and broken-line 
curves which duplicate those of Fig. 5 
are alternative representations of trans- 
fer as a function of verbal learning ex- 
periences with stimuli of some inter- 
mediate degree of similarity. 

Very similar external stimuli should 
occasion a rapid initial rise in general- 
ized responses to a high level and a 
relatively small and slow subsequent 
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decrement. Therefore, the remaining 
curve depicts the possibility that high 
frequencies of generalized responses 
might lead to negative transfer effects 
which would persist despite many verbal 
learning trials. Moreover, the relatively 
small decrements in generalized re- 
sponses might lead to a fairly low 
asymptote for any eventual positive 
transfer. 


Relationships Involving Other Variables 


è? Neither space nor available data 
Justify the continuation of relatively 
explicit and complete derivations on 
a variable-by-variable basis. It would 
seem desirable, however, to illustrate 
further the range of relationships be- 
tween acquisition of cue-producing and 
instrumental responses which can be 
developed by means of the dimensional 
model and learning principles. There- 
os relationships involving four arbi- 
tarily selected variables or conditions 
a learning prior to acquisition of in- 
Tumental responses to external cues 
fp be treated. These variables or con- 
lons are: (a) similarity of response- 
Produced cues, (b) inhibition of cue- 
Producing responses, (c) relationships 
eee response-produced cues and in- 
Pe oe responses, and (d) changes 
ES similarity of the external stimuli 
in tasks of first learning cue-produc- 
8 responses and then acquiring instru- 
mental responses. 
ee ae of verbal response-produced 
ie Because similarity of cue pat- 
af was conceived as determined by 
in ERRA of both external and mediat- 
iat imuli, changes in similarity of the 
Of inst Cues should influence acquisition 
with Peri responses. For example, 
ee assimilar external cues held con- 
Grogs Would be predicted that an in- 
Produced. the similarity of response- 
sized ed cues would shift the hypothe- 
relationship between transfer and 


number of discriminative verbal learn- 
ing trials from the dotted-line curve of 
Fig. 7 toward the alternative forms for 
external cues of intermediate similarity. 
Eventually, the curve for very similar 
external cues might be approximated. 

Inhibition of cue-producing responses. 
Rossman and Goss (14) and Murdock 
(12) have reported that conditions 
(electric shock, failure, acquisition of 
competing responses) intervening be- 
tween verbal and motor learning which 
lead to inhibition of verbal responses 
may decrease both discriminative mo- 
tor learning and generalization of in- 
strumental responses. Accordingly, it 
appears likely that instrumental-re- 
sponse learning will be influenced by 
conditions which inhibit cue-producing 
responses. The specific consequences of 
such inhibition will, of course, depend 
on the functional role of the cue-pro- 
ducing responses in the learning of in- 
strumental responses. 

Relationships between response-pro- 
duced cues and instrumental responses. 
Direction and amount of transfer to 
motor learning tasks should vary with 
conditions of acquisition and resultant 
strengths of associations of mediating 
cues and instrumental responses. Thus, 
given dissimilar verbal responses, each 
elicited with high probability by dif- 
ferent external cues of intermediate 
similarity, facilitation of learning of 
discriminative instrumental responses 
should increase with amount of prior 
experience with a task requiring differ- 
ent instrumental responses to different 
response-produced cues. McAllister’s 
(11) relevant S-R condition apparently 
assumes relationships between mediat- 
ing stimuli and discriminative instru- 
mental responses. If types of relevant 
S-R relationships are interpreted as also 
involving different degrees of strength 
of mediating cue-instrumental response 
relationships, her results are consistent 
with this notion. e 
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Similarity of external stimuli of cue- 
producing-response and instrumental— 
response learning. The relationships 
treated up to this point rest on the con- 
dition that the same external stimuli, 
mediating responses and stimuli, and 
instrumental responses are present dur- 
ing the strengthening of associations be- 
tween these components. However, in- 
tertask changes in similarity and/or 
number of any one or any combination 
of stimulus-response elements could be 
expected to affect the acquisition of dis- 
criminative instrumental responses. Dis- 
criminative verbal response to external 
stimuli of high or intermediate simi- 
larity may have been learned to a high 
level of mastery. As similarity between 
those stimuli and external cues for a 
subsequent discriminative motor task 
decreases, a monotonic decrease in dis- 
similar verbal responses to each ex- 
ternal cue and an increase and subse- 
quent decrease in generalized responses 
should be observed. Therefore, amount 
of positive transfer should decrease 
and, contingent on changes in the rela- 
tive frequencies of discriminative and 
generalized responses, some negative 
transfer might be obtained before 
reaching a zero transfer point. 


SUMMARY 


Dollard and Miller’s mechanisms of 
the acquired equivalence and acquired 
distinctiveness of cues served as bases 
for a more general dimensional analysis 
of the interaction of cue-producing and 
instrumental responses. With external 
cues, cue-producing responses and re- 
sultant cues, and instrumental responses 
as stimulus-response components, the 
model provided for the effects of re- 
sponse probabilities, stimulus com- 
plexity, relationships between cue-pro- 
ducing responses, and conditions such 
as warm-up. 


The dimensional model and general 


E. Goss 


principles of response acquisition and 
retention were linked by means of re- 
sponse probabilities. It was then pos- 
sible to outline model derivations of the 
influence of number of discriminative 
verbal learning trials and of similarity 
of external cues on rate of acquisition 
of discriminative instrumental responses. 
Brief attention was also given to the 
learning of instrumental responses as 2 
function of: (a) similarity of response- 
produced cues, (b) inhibition of cue- 
producing responses, (c) relationships 
between response-produced cues and in- 
strumental responses, and (d) simi- 
larity of external cues for cue-producing 
and subsequent instrumental responses. 
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PERCEPTUAL LEARNING: DIFFERENTIATION 
OR ENRICHMENT? * 


JAMES J. GIBSON AND ELEANOR J. GIBSON 


Cornell University 


The term “perceptual learning” 
means different things to different psy- 
chologists. To some it implies that 
human perception is, in large part, 
learned—that we learn to see depth, for 
instance, or form, or meaningful ob- 
jects. In that case the theoretical issue 
involved is how much of perception is 
learned, and the corresponding contro- 
versy is that of nativism or empiricism. 
To others the term implies that human 
learning is in whole or part a matter of 
perception—that learning depends on 
comprehension, expectation, or insight, 
and that the learning process is to be 
found in a central process of cognition 
rather than in a motor process of per- 
formance. In this second case, the 
theoretical issue involved is whether or 
not one has to study a man’s percep- 
tions before one can understand his be- 
havior, and the controversy is one of 
long standing which began with old- 
fashioned behaviorism, 

These two sets of implications are by 
no means the same, and the two prob- 
lems should be separated. The prob- 
lem of the role of learning in perception 
has to do with perception and the effect 
of past experience or practice on it. 
The problem of the role of perception 
in learning has to do with behavior and 
the question of whether we can learn 
to do something by perceiving, or 
whether we can only learn by doing it. 
The questions, then, are these: (a) In 


* This paper is a revision, with added ex- 
perimental material, of one given in May 
1953 at a symposium on the psychology of 
learning basic to problems of military training 
(8) conducted by the Panel on Training and 
Training Devices of the Research and De- 
velopment Board, Washington, D. C. 
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what sense do we learn to perceive? 
(b) In what sense can we learn by 
perceiving? Both questions are im- 
portant for the practical problems of 
education and training, but this paper 
will be concerned with the former. 


IN Wuat Sense Do WE LEARN 
TO PERCEIVE? 


This question has ro¢is in philosophy 
and was debated long before experi- 
mental psychology came of age. Does 
all knowledge (information is the con- 
temporary term) come through the 
sense organs or is some knowledge con- 
tributed by the mind itself? Inasmuch 
as sensory psychology has been unable 
to explain how as much information 
about the world as we manifestly do ob- 
tain is transmitted by the receptors; 
some theory is required for this unex- 
plained surplus. There has been @ 
variety of such theories ever since the 
days of John Locke. An early notion 
was that the surplus is contributed by 
the rational faculty (rationalism). An- 
other was that it comes from innate 
ideas (nativism). In modern times 
there have been few adherents to these 
positions. The most popular theory 
over the years has been that this sup- 
plement to the sensations is the result 
of learning, and that it comes from 
past experience. A contemporary for- 
mula for this explanation is that the 
brain stores information—possibly i? 
the form of traces or memory images, 
but conceivably as attitudes, or mental 
sets, or general ideas, or concepts. This 
approach has been called empiricism- 
It preserves the dictum that all knowl- 
edge comes from experience by assum- 
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ing that past experience somehow gets 
mixed with present experience. It as- 
sumes, in other words, that experience 
accumulates, that traces of the past 
somehow exist in our perception of the 
present. One of its high-water marks 
was Helmholtz’s theory of unconscious 
inference, which supposes that we learn 
to see depth by interpreting the clues 
furnished by the depthless sensations of 
color. Another was Titchener’s con- 
text theory of meaning, which asserts 
that we learn to perceive objects when 
a core of sensations acquires by as- 
sociation a context of memory images. 

Over a generation ago this whole line 
of thought was challenged by what 
seemed to be a different explanation for 
the discrepancy between the sensory 
input and the finished percept—the 
theory of sensory organization. The 
gestalt theorists made destructive criti- 
cisms of the notion of acquired link- 
ages among sensory elements and their 
traces. Instead they asserted that the 
linkages were intrinsic, or that they 
arose spontaneously, taking visual forms 
as their best example. Perception and 
knowledge, they said, were or came to 
be structured. 

The theory of sensory organization or 
Cognitive structure, although it gener- 
ated a quantity of experimentation along 
new lines, has not after 30 years over- 
rown the theory of association. In 

is country the old line of empiricist 
thinking has begun to recover from the 
eee attack, and there are signs of a 
ee Brunswik (2, pp. 23 ff.) has 
Ollowed from the start the line laid 
down by Helmholtz. Ames and Cantril 
SA their followers have announced 
S at might be called a neoempiricist 
evelation (3, 11, 14). Other psycholo- 
Ts are striving for a theoretical syn- 

esis which will include the lessons of 
8estalt theory but retain the notion that 
ee is learned. Tolman, Bart- 

t, and Woodworth began the trend. 


Leeper took a hand in it at an early 
date (15). The effort to reconcile the 
principle of sensory organization with 
the principle of determination by past 
experience has recently been strenu- 
ously pursued by Bruner (1) and by 
Postman (16). Hilgard seems to ac- 
cept both a process of organization gov- 
erned by relational structure and a 
process of association governed by the 
classical laws (10). Hebb has recently 
made a systematic full-scale attempt to 
combine the best of gestalt theory and 
of learning theory at the physiological 
level (9). What all these theorists 
seem to us to be saying is that the 
organization process and the learning 
process are not inconsistent after all, 
that both explanations are valid in their 
way, and that there is no value in con- 
tinuing the old argument over whether 
learning is really organization or or- 
ganization is really learning. The ex- 
periments on this issue (beginning with 
the Gottschaldt experiment) were in- 
conclusive, and the controversy itself 
was inconclusive. Hence, they argue, 
the best solution is to agree with both 
sides. 

Tt seems to us that all extant theories 
of the perceptual process, including 
those based on association, those based 
on organization, and those based on a 
mixture of the two (including attitudes, 
habits, assumptions, hypotheses, expec- 
tation, images, contexts, or inferences) 
have at least this feature in common: 
they take for granted a discrepancy be- 
tween the sensory input and the finished 
percept and they aim to explain the 
difference. They assume that somehow 
we get more information about the en- 
vironment than can be transmitted 
through the receptor system. In other 
words, they accept the distinction be- 
tween sensation and perception. The 
development of perception must then 
necessarily be one of supplementing or 
interpreting or organizing. 
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Let us consider the possibility of re- 
jecting this assumption altogether. Let 
us assume tentatively that the stimulus 
input contains within it everything that 
the percept has. What if the flux of 
stimulation at receptors does yield all 
the information anyone needs about the 
environment? Perhaps all knowledge 
comes through the senses in an even 
simpler way than John Locke was able 
to conceive—by way of variations, shad- 
ings, and subtleties of energy which are 
properly to be called stimuli. 


THE ENRICHMENT THEORY VERSUS THE 
SPEciFiciry THEORY 


The entertaining of this hypothesis 
faces us with two theories of perceptual 
learning which are clear rather than 
vague alternatives. It cuts across the 
schools and theories, and presents us 
with an issue. Is perception a creative 
process or is it a discriminative process? 
Is learning a matter of enriching pre- 
viously meagre sensations or is it a 
matter of differentiating previously 
vague impressions? On the first alter- 
native we might learn to perceive in this 
sense: that percepts change over time 
by acquiring progressively more mem- 
ory images, and that a context of 
memories accrues by association toa 
sensory core. The theorist can substi- 
tute attitudes or inferences or assump- 
tions for images in the above Titchener- 
ian proposition, but perhaps all this does 
is to make the theory less neat while 
making the terminology more fashion- 
able. In any case perception is pro- 
gressively in decreasing correspondence 
with stimulation. The latter point is 
notable. Perceptual learning, thus con- 
ceived, necessarily consists of experience 
becoming more imaginary, more as- 
sumptive, or more inferential. The de- 
pendence of perception on learning 
seems to be contradictory to the princi- 


ple of the dependence of perception on 
stimulation. 


On the second alternative we learn to 
perceive in this sense: that percepts 
change over time by progressive elab- 
oration of qualities, features, and di- 
mensions of variation; that perceptual 
experience even at the outset consists of 
a world, not of sensation, and that the 
world gets more and more properties 
as the objects in it get more distinctive; 
finally, that the phenomenal properties 
and the phenomenal objects correspond 
to physical properties and physical ob- 
jects in the environment whenever 
learning is successful. In this theory 
perception gets richer in differential re- 
sponses, not in images. It is progres- 
sively in greater correspondence with 
stimulation, not in less. Instead of be- 
coming more imaginary it becomes more 
discriminating. Perceptual learning, 
then, consists of responding to variables 
of physical stimulation not previously 
tesponded to. The notable point about 
this theory is that learning is always 
supposed to be a matter of improve- 
ment—of getting in closer touch with 
the environment. It consequently does 
not account for hallucination or delu- 
sions or, in fact, for any kind of mal- 
adjustment. 

The latter kind of theory is certainly 
worth exploring. It is not novel, of 
course, to suggest that perceptual de- 
velopment is a matter of differentiation. 
As phenomenal description this was as- 
serted by some of the gestalt psycholo- 
gists, notably Koffka and Lewin. (Just 
how differentiation was related to or- 
ganization, however, was not clear.) 
What is novel is to suggest that percep- 
tual development is always a matter of 
the correspondence between stimulation 
and perception—that it is strictly gov- 
erned by the relationships of the per- 
ceiver to his environment. The rule 
would be that, as the number of distinct 
percepts a man can have increases, SO 
also the number of different physical 
objects to which they are specific in- 
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creases. An example may clarify this 
rule. One man, let us say, can identify 
sherry, champagne, white wine, and red 
wine. He has four percepts in response 
to the total possible range of stimula- 
tion. Another man can identify a 
dozen types of sherry, each with many 
varieties, and numerous blends, and so 
on for the others. He has four thousand 
percepts in response to the range of 
stimulation. The crucial question to 
ask about this example of differentiated 
perception is its relation to stimulation. 
Stimulus is a slippery term in psy- 
chology, Properly speaking stimulation 
= always energy at receptors, that is, 
Proximal stimulation. An individual is 
Surrounded by an array of energy and 
immersed in a flow of it. This sea of 
stimulation consists of variation and in- 
nants, patterns and transformations, 
es of which we know how to isolate 
a control and others of which we do 
ea An experimenter chooses or con- 
oS a sample of this energy when he 
orms a psychological experiment. 
e it is easy for him to forget this 
is and to assume that a glass of wine 
A stimulus when actually it is a com- 
a of radiant and chemical energies 
a is the stimulus. When the psy- 
ay Ogist refers to stimuli as cues, or 
aint or carriers of information he is 
oe lightly over the problem of 
Stimuli come to function as cues. 
we oe do not have cue properties un- 
fal and until the differences in energy 
site correspondingly different effects In 
ee The total range of physical 
ee is very rich in complex 
aie es and these are theoretically 
utin e of becoming cues and consti- 
barni information. This is just where 
Ing comes in. 
com responses to stimulation, includ- 
i ohal responses, manifest some 
i specificity, and, inversely, 
zentle egree of nonspecificity. The 
man who is discriminating about 
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his wine shows a high specificity of 
perception, whereas the crude fellow 
who is not shows a low specificity. A 
whole class of chemically different fluids 
is equivalent for the latter individual; 
he can’t tell the difference between 
claret, burgundy, and chianti; his per- 
ceptions are relatively undifferentiated. 
What has the first man learned that 
the second man has not? Associa- 
tions? Memories? Attitudes? Infer- 
ences ? Has he learned to have percep- 
tions instead of merely sensations? 
Perhaps, but a simpler statement might 
be made. The statement is that he has 
learned to taste and smell more of the 
qualities of wine, that is, he discrimi- 
nates more of the variables of chemical 
stimulation. If he is a genuine con- 
noisseur and not a fake, one combina- 
tion of such variables can evoke a 
specific response of naming or identify- 
ing and another combination can evoke 
a different specific response. He can 
consistently apply nouns to the dif- 
ferent fluids of a class and he can apply 
adjectives to the differences between 
the fluids. 

The classical theory of perceptual 
learning, with its emphasis on subjec- 
tive determination of perception in con- 
trast to stimulus determination, gets its 
plausibility from experiments on errors 
in form perception, from the study of 
illusions and systematic distortions, and 
from the fact of individual differences 
in and social influences on perception. 
The learning process is assumed to have 
occurred in the past life of the experi- 
mental subject; it is seldom controlled 
by the experimenter. These are not 
learning experiments insofar as they do 
not control practice or take measures 
before and after training. True per- 
ceptual learning experiments are limited 
to those concerned with discrimination. 

One source of evidence about dis- 
criminative learning comes from the 
study of the cues, for verbal learning. 
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The analysis of these cues made by one 
of the authors in terms of stimulus gen- 
eralization and differentiation (4) sug- 
gests the present line of thought. It has 
also led to a series of experiments con- 
cerned with what we call identifying 
responses. Motor reactions, verbal re- 
actions, or percepts, we assume, are 
identifying responses if they are in 
specific correspondence with a set of 
objects or events. Code learning (13), 
aircraft recognition (7), and learning 
to name the faces of one’s friends are all 
examples of an increasingly specific cor- 
respondence between the items of stim- 
ulation presented and the items of re- 
sponse recorded. As a given response 
gains univocality, the percept is re- 
ported to gain in the feeling of familiar- 


ity or recognition and to acquire mean- 
ing. 


AN ILLUSTRATIVE EXPERIMENT ? 


In order to provide a clear example of such 
learning, we studied the development of a 
single identifying response. The S was pre- 
sented with a visual item consisting of a 
nonsense “scribble”; his recognition of it was 
tested when it was interspersed in a series 
of similar scribbles, and then the single show- 
ing and the multiple presentation were re- 
peated until the item could be identified. We 
devised a set of 17 scribbles intended to be 
indistinguishable from the critical item on the 
first trial, and another set of 12 items in- 
tended to be distinguishable from the critical 
item on the first trial. 

The items which had to be differentiated 
are shown in Fig. 1. The critical item, a 
four-coil scribble, is in the center and 16 other 
items are arranged outward from it. The 
eighteenth item (a reversal of the critical 
item) is not shown. It may be noted that 
there are three dimensions of variation from 
the critical item: (a) number of coils—three, 
four, or five, (b) horizontal compression or 
stretching, and (c) orientation or right-left 
reversal. The latter two kinds of variation 
were produced by photographic transforma- 


? This experiment was first reported at the 
meeting of the American Psychological Associ- 
ation in September 1950 in a paper read by 


Eleanor J. Gibson, and an abstract has been 
published (6). 


Fic. 1. Nonsense items differing in three 
dimensions of variation. 
tion. There are three degrees of coil fre- 


quency, three degrees of compression, and two 
types of orientation, which yields 18 items. 
Since one of these is the critical item, 17 Te- 
main for use in the experiment. The reader 
may observe that when these differences are 
verbally specified and the figures are dis- 
played for immediate comparison, as in Fig. 
1, they are clearly distinguishable. The Ss 
of the experiment, however, saw the items 
only in succession. 

The 12 additional items presented on each 
recognition trial are shown in Fig. 2. Each 
differs from every other and from all of the 


Fic. 2. 


Nonsense items differing in many 
dimensions of variation. 
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set of 18. The differences from the scribbles 
were intended to be sufficient to make them 
appear different at the outset to Ss with a 
normal amount of experience with drawn 
forms. The 30 items (12 plus 18) were 
Printed photographically on stiff 2 in. X 4 in. 
cards with black borders, and made into a 
pack, The material available for any one 
learning trial consisted of the critical item 
plus a shuffled pack of cards among which 
Were interspersed four replicas of the critical 
item. 

The S was shown the critical item for about 
5 sec. and told that some of the items in the 
Pack would be exactly like the one shown. 
3 3 series of 34 was then presented each with 
a exposure and S was asked to report 
noa of them were the same figure. The 
EE ifying response recorded was any report 
bef aS that’s it” or “this is the one I saw 
dere The S ayas never told whether an 
= tification was correct or incorrect. A 
reed was kept not only of the identifying 
ee ees but also of any spontaneous de- 
nenaon offered by S, which were later clas- 

ted as naming responses and qualifying re- 
SPonses, 

At the end of the first trial the critical 
ates Was presented a second time and an- 
ee pack was run through. The 
ing i ure of examining a figure and then try- 
includ identify it when mixed with a series 
simil ng figures of both great and little 

larity was continued until S made only 
© four correct identifications in one trial. 
Sun groups took part in the experiment: 12 
and S, 10 older children (8% to 11 years), 

10 younger children (6 to 8 years). 
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Results. In this experiment, learning 
is taken to be an increase in the spec- 
ificity of an identifying response or, 
in other words, a decrease in the size of 
the class of items that will elicit the 
response. The data therefore consist of 
the number of items (out of a probable 
maximum of 17) reacted to as if they 
were the critical figure. As will be evi- 
dent, this class of undifferentiated items 
was reduced as a result of repetition. 
The three groups of Ss, however, began 
to learn at very different levels and 
learned at very different rates. The re- 
sults are given in Table 1. For adults, 
the class of undifferentiated items at 
the outset was small (Mean = 3.0), and 
only a few trials were needed before this 
class was reduced to the critical item 
alone (Mean=3.1). Two of these 
adults were able to make no other than 
correct identifying responses on the first 
trial. Both were psychologists who 
could have had previous acquaintance 
with nonsense figures. The learning 
task was so easy for this group that not 
much information about the learning 
process could be obtained. At the other 
extreme, however, the younger children 
“recognized” nearly all of the scribbles 
on the first trial (Mean = 13.4), which 


trial 


Specific response 


iffering in one quality 


Mering in two qualities 


TABLE 1 
Increase IN SPECIFICITY OF AN IDENTIFYING RESPONSE FOR THREE AGE GROUPS 
Older Younger 
£ Adults f Child 
Variable (N = 12) grie E 
Mean number of undifferentiated items on first 
- 3.0 7.9 13.4 
ean number of tri i letel; 
ials required for completely 
: 3.1 4.7 6.7* 
MIr D 
Pi 7 
“centage of erroneođs recognitions for items 
17 27 53 
‘rcentage of erroneous recognitions for items 3 A EA 
‘rcentage of erroneous recognitions for items 
0.7 2 28 


iffering in three qualities 


Only two of the younger children achieved a completely specific identification. The mean number of undiffer- 


* 
enti A 
ated items on the last trial was still 3.9. 
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is to say that the class of undifferenti- 
ated items was large. The number of 
trials needed to reduce this class to the 
correct item was so great that most of 
the Ss could not be required to complete 
the experiment. Two out of 10 reached 
the criterion, but for the remainder the 
trials had to be stopped for reasons of 
fatigue. After an average of 6.7 trials 
the mean number of undifferentiated 
items was still 3.9. One child had so 
much difficulty with the task that E 
finally gave differential reinforcement 
by saying “right” or “wrong” after each 
presentation of a card. Although this 
procedure helped, wholly specific identi- 
fications were never achieved. The fail- 
ures of the younger children to discrimi- 
nate did not seem to be due merely to 
“inattention”; they understood that 
they were to select only the figures 
which were exactly the same as the 
critical figure. 

For the older children (between 814 
and 11 years of age) the results were 
intermediate between these extremes. 
For them the particular task and the 
particular items were neither too hard 
nor too easy. The average number of 
undifferentiated items on the first trial 
was 7.9, and all children succeeded in 
reducing this to a single item after a 
mean of 4.7 trials. 

Table 1 also indicates for each group 
an important fact about the unspecific 
responses: they tend to occur more often 
as the differences between the test item 
and the critical item become fewer. As 
Fig. 1 shows, a given scribble may differ 
in one quality or dimension (thickness, 
coil frequency, or orientation), or in 
two of these qualities, or in all three of 
them. Five of the scribbles differ in one 
feature, eight differ in two features, and 
four differ in three features. It will be 
recalled that the 12 additional forms 
shown in Fig. 2 differed from the criti- 
cal item with respect to more than three 
features. Amount of difference can be 


usefully stated as number of differing 
qualities or, conversely, amount of 
sameness as the fewness of differing 
qualities? The lower half of Table 1 
gives the percentage of occurrence of 
false recognitions in the case of scribbles 
with one quality different, with two 
qualities different, and with three quali- 
ties different. These percentages are 
based on the number of times the items 
in question were presented during the 
whole series of trials. The “dissimilar” 
figures, which had many qualities dif- 
ferent, yielded a zero percentage of false 
recognitions except for a few scattered 
instances among the younger children. 

Discussion. The results show clearly 
that the kind of perceptual learning 
hypothesized has occurred in this ex- 
periment. A stimulus item starts out 
by being indistinguishable from a whole 
class of items in the stimulus universe 
tested, and ends by being distinguish- 
able from all of them. The evidence for 
this assertion is that the specificity of 
S’s identifying response has increased. 
What has happened to produce this re- 
sult? 

The Ss were encouraged to describe 
all the items of each series as they were 
presented, and a special effort was made 
to obtain and record these spontaneous 
verbal responses for seven of the older 
children. In general they tended to fall 
into two types, either naming responses 
or qualifying responses. Considering 
only the responses to the 17 scribbles, 
the record showed that the frequency 
of the latter type increased during the 
Progress of learning. Examples of the 
former are nouns like figure 6, curl, 
spiral, scroll. Examples of the latter 
are adjectival phtases like too thin, 

3 Experiments on Primary stimulus gen- 
eralization have usually varied the magnitude 
of a single difference, not the number of 
differences, between the critical stimulus and 
the undifferentiated stimulus. However, our 


method of quantifying “amount of difference” 
has much to recommend it. 


—a 
S 
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rounder, reversed. It is notable that 
the latter are responses not to the item 
as such but to the relation between it 
and the critical item. They are anal- 
ogous to differential judgments in a 
Psychophysical experiment. An adjec- 
tive, in general, is a response which is 
Specific not to an object but to a prop- 
erty of two or more objects. It is 
likely, then, that the development of a 
Specific response to an item is cor- 
related with the development of specific 
responses to the qualities, dimensions, 
or variables that relate it to other items. 
The implication is that, for a child to 
identify an object, he must be able to 
identify the défferences between it and 
Other objects, or at least that when he 
can identify an object he also can iden- 
tify its properties. 
he verbal reactions of the children 
to the 17 scribbles, both naming and 
qualifying, could be categorized by E 
as specific or nonspecific to the item in 
question. These judgments were neces- 
Satily subjective, but they were carried 
Out with the usual precautions. Al- 
though a single adjective cannot be 
Specific to a single item, a combination 
Of adjectives can be. An example of a 
Nonspecific reaction is “another curli- 
Cue,” and of a specific reaction is “this 
One is thinner and rounder.” The latter 
ae may be considered a spontaneously 
ae eoPine identifying reaction, not of 
a that’s it” type, it is true, but never- 
eless fulfilling our definition. The 
Mean number of such verbal reactions 
On the first trial was 7.7 out of 17, 
n 45 per cent. The mean number of 
aa reactions on the last trial was 16.5, 
si 7 per cent. This suggests that, as 
ee identifying response becomes in- 
Snel specific to one member of 
tee of similar items, verbal identify- 
ey responses also tend to become spe- 
ic to the other members of the group. 
s ie class of indistinguishable items 
ich will elicit one response is dimin- 


ished, the number of responses which 
can be made to the class increases. 


OTHER EVIDENCE 


Another source of experimental evi- 
dence about perceptual learning comes 
from psychophysics. Contrary to what _ 
might be expected, psychophysical ex- 
perimenters over the years have shown 
a lively interest in perceptual learning, 
or at least in the bettering of perceptual 
judgments with practice. One of the 
authors has recently surveyed this neg- 
lected literature insofar as it concerns 
improvement of perception or increase 
in perceptual skills (5). There is a 
great quantity of evidence about pro- 
gressive change in acuity, variability, 
and accuracy of perception, including 
both relative judgments and absolute 
judgments. It proves beyond a shadow 
of doubt that the notion of fixed thresh- 
olds for a certain set of innate sensory 
dimensions is oversimplified. Discrimi- 
nation gets better with practice, both 
with and without knowledge of results. 
An example may be taken from the 
two-point threshold on the skin. 

As long ago as 1858 it was discovered 
that there is a certain distance at which 
two points are felt double by a blind- 
folded subject that is characteristic of 
the area of the skin tested. At the same 
time, it was found that only a few hours 
of practice in this discrimination had 
the effect of reducing the distance to 
half of what it had been (17). Later 
experiments showed that the lowering of 
the threshold continued slowly for thou- 
sands of trials; for instance, it might 
go from 30 mm. to 5 mm. during four 
weeks of training. Moreover, the im- 
proved discrimination transferred to 
other untrained areas of the skin, trans- 
fer being nearly complete for the bi- 
laterally symmetrical area. It was 
found that blind subjects had very 
much lower thresholds than seeing sub- 
jects even at the beginning of testing 
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(12, 18). The experimental improve- 
ment was largely lost after a period 
of disuse. It seemed to depend on con- 
firmation or correction of the judgment, 
or, in the absence of that, on the de- 
velopment of a sort of scale from “close 
together” to “far apart” (5). It is 
clear that any theory of supposedly 
distinct sensations of oneness and two- 
ness never had any support from these 
data. As one writer put it, the ob- 
server adopts different and finer criteria 
of doubleness. What might these 
criteria be? We suggest that the stim- 
ulation is complex, not simple, and that 
the observer continues to discover 
higher-order variables of stimulation in 
it. The percept becomes differentiated. 


CONCLUSION 


There is no evidence in all of this 
literature on perceptual learning, nor 
is there evidence in the experiment re- 
ported in the last section, to require the 
theory that an accurate percept is one 
which is enriched by past experience, 
whereas a less accurate percept is one 
not enriched by past experience. Repe- 
tition or practice is necessary for the 
development of the improved percept, 
but there is no proof that it incor- 
porates memories. The notion that 
learned perception is less and less de- 
termined by external stimulation as 
learning progresses finds no support in 
these experiments. The observer sees 
and hears more, but this may be not 
because he imagines more, or infers 
more, or assumes more, but because he 
discriminates more. He is more sensi- 
tive to the variables of the stimulus 
array. Perhaps the ability to summon 
up memories is merely incidental to 
perceptual learning and the ability to 
differentiate stimuli is basic. Perhaps 
the dependence of perception on learn- 
ing and the dependence of perception on 


stimulation are not contradictory prin- 
ciples after all. 


This theoretical approach to percep- 
tual learning, it must be admitted, has 
points of weakness as well as points of 
strength. It accounts for veridical per- 
ception, but it does not account for 
misperception. It says nothing about 
imagination or fantasy, or wishful 
thinking. It is not an obviously useful 
approach for the study of abnormal be- 
havior or personality, if one is con- 
vinced that a man’s perceptions are the 
clues to his motives. But if one is con- 
cerned instead with the practical ques- 
tion of whether training can affect fa- 
vorably a man’s perception of the world 
around him, a very productive field for 
theory and experiment i: opened up. 
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THE PRINCIPLE OF CONGRUITY IN THE PREDICTION 
OF ATTITUDE CHANGE 
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The theoretical model presented in 
this paper, while not pretending to 
take account of all variables relating 
to attitude change, does attempt to 
cover those variables believed to be 
most significant with respect to the 
direction of change to be expected in 
any given situation. These variables 
are (a) existing attitude toward the 
source of a message, (b) existing atti- 
tude toward the concept evaluated by 
the source, and (c) the nature of the 
evaluating assertion which relates 
source and concept in the message. 
Predictions generated by the theory 
about the directions and relative 
amounts of attitude change apply to 
both sources and the concepts they 
evaluate. 


UNDERLYING NOTIONS 


Our work on attitude theory and 
measurement is an outgrowth of con- 
tinuing research on experimental se- 
mantics, particularly the development 
of objective methods for measuring 
meaning (4, 5). From this view. 
point, the meaning of a concept is its 
location in a space defined by some 
number of factors or dimensions, and 
attitude toward a concept is its pro- 
jection onto one of these dimensions 
defined as “evaluative.” In the fac- 
tor analytic work we have done so far, 
the first and most heavily loaded 
factor is always one clearly identi- 
fiable as evaluative by the labels of 
the scales it represents, e.g., good-bad, 
fair-unfair, valuable-worthless, pleas- 
ant-unpleasant, and the like. This 
conception of attitude as a dime sion 
or factor in total meaning has a num- 
ber of implications, including those 


42 


explored in the present paper. It 
implies, for example, that people hav- 
ing the same attitude toward a con- 
cept, such as NEGRO, may be sharply 
differentiated in terms of other dimen- 
sions of the semantic space (eg 
some perceiving NEGRO as powerfu 
and active, others as weak and pas- 
sive).! 

Attitudes toward the various ob- 
jects of judgment asseciated in mes- 
sages must be measured in the same 
units if comparative statements about 
attitude change are to be made. 
There have been attempts to devise 
generalized attitude scales in the history 
of this field (cf. 6, 7), but if one is to 
judge by the criterion of acceptance 
and use, they have not been outstand- 
ingly successful. In applying the 
semantic differential (a label that has 
come to be applied to our measuring 
instrument), various objects of judg- 
ment, sources and concepts, are rated 
against a standard set of descriptive 
scales. To the extent that location 
on the evaluative dimension of the 
semantic differential is a reliable and 
valid index of attitude (as determined 
by correlation with other criteria), it 
is then necessarily a generalized atti- 
tude scale. We have some evidence 
for validity? and more is being ob- 


1A study in progress exhibits precisely this 
phenomenon with respect to the concept 
NEGRO. Similar findings are evident with 
respect to THE CHURCH and CAPITAL PUNISH- 
MENT. 

? For example, the correlations between 
scores on the evaluative scales of the semantic 
differential and scores on the Thurstone scales 
on attitude toward THE CHURCH, NEGRO, an! 
CAPITAL PUNISHMENT are -74, .82, and 81, 
respectively. 


nn 
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tained; reliability of the differential, 
Particularly the evaluative dimension, 
Is reasonably high, running in the 
-80’s and .90’s in available data. 
Another underlying notion about 
human thinking we have been ex- 
Ploring is that judgmental frames of 
reference tend toward maximal sim- 
plicity, Since extreme, “all-or-noth- 
ing” judgments are simpler than finely 
iscriminated judgments of degree, 
this implies a continuing pressure 
toward polarization along the evalua- 
tive dimension (i.e., movement of 
Concepts toward either entirely good 
Or entirely bad allocations). We have 
evidence that extreme judgments have 
shorter latencies than more discrimi- 
Native judgments (5), and that ex- 
treme judgments are characteristic of 
€ss intelligent, less mature, less well 
educated, or more emotionally orien- 
ted individuals (8). Furthermore, 
Since assumption of identity is a 
Simpler process than maintenance of 
distinction, this also implies a con- 
tinuing pressure toward elimination 
of differences among concepts which 
are localized in the same direction of 
the evaluative framework. We have 
evidence that in the judging of emo- 
tionally polarized concepts all scales 
of judgment tend to rotate toward the 
evaluative, e.g., their correlations with 
800d-bad tend to increase and there- 
T A the relative loading on the evalua- 
tve factor tends to increase (5). 
ee he most “simple-minded” evalua- 
i e frame of reference is therefore one 
n which a tight cluster of highly 
Polarized and undifferentiated good 
Ncepts is diametrically opposed in 
Meaning to an eually tight and 
Polarized cluster of undifferentiated 
he concepts. The same underlying 
peti toward simplicity operates 
it any new or neutral concept to shift 
Ta T way or the other. „For ex- 
ic Ple, there is the tendency in Amer- 
an thinking, about which Pandit 


Nehru complains, requiring that India 
be either “for us or agin’ us.” This 
is, of course, the condition referred to 
by the general semanticists (e.g., 
Johnson, 2) as a ‘‘two-valued orienta- 
tion,” and it is unfortunately charac- 
teristic of lay thinking in any period 
of conflict and emotional stress. The 
more sophisticated thinker, according 
to this view, should show less tend- 
ency to polarize, more differentiation 
among concepts, and thus greater 
relative use of factors other than the 
evaluative. 


THE PRINCIPLE OF CONGRUITY 


The principle of congruity in human 
thinking can be stated quite suc- 
cinctly: changes in evaluation are al- 
ways in the direction of increased con- 
gruity with the existing frame of refer- 
ence. To make any use of this prin- 
ciple in specific situations, however, 
it is necessary to elaborate along the 
following lines: When does the issue 
of congruity arise? What directions 
of attitude change are congruent? 
How much stress is generated by 
incongruity and how is it distributed 
among the objects of judgment? 

The issue of congruity. Each indi- 
vidual has potential attitudes toward 
a near infinity of objects. It is pos- 
sible to have varying attitudes toward 
diverse concepts without any felt in- 
congruity or any pressure toward 
attitude change, as long as no associa- 
tion among these objects of judgment 
is made. As anthropologists well 
know, members of a culture may 
entertain logically incompatible atti- 
tudes toward objects in their culture 
(e.g., ancestor worship and fear of 
the dead) without any stress, as long 
as the incompatibles are not brought 
into association. The issue of con- 
gruity arises whenever a message is 
received which relates two or more 
objects of judgmont via an assertion. 
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The simplest assertion is merely a 
descriptive statement: ‘‘Chinese cook- 
ing is good,” “Jefferson was right,” 
“This neurotic modern art.” To the 
extent that the evaluative location of 
a particular qualifier differs from that 
of the thing qualified, there is gen- 
erated some pressure toward con- 
gruity. Similar pressure is generated 
by ordinary statements of classification: 
“Senator McCarthy is a Catholic,” 
“Tom is an ex-con,” “Cigarettes con- 
tain nicotine.” To the extent that 
the evaluative locations of instance 
and class are different, some pressure 
toward congruity exists. A more 
complex situation is that in which 
a source makes an assertion about a 
concept: ‘University President Bans 
Research on Krebiozen”; “Commu- 
nists like strong labor unions.” This 
is the most commonly studied situa- 
tion, and one for which we have some 
empirical data against which to test 
our hypotheses. Assertions may be 
explicit linguistic statements of evalu- 
ation or implicit behavioral, situa- 
tional statements. A newsphoto of 
Mrs. Roosevelt smiling and shaking 
hands with a little colored boy is just 
as effective in setting up pressures 
toward congruity as a verbal state- 
ment on her part. 

Directions of congruence and incon- 
gruence. To predict the direction of 
attitude change from this general 
principle it is necessary to take into 
account simultaneously the existing 
attitudes toward each of the objects 
of judgment prior to reception of the 
message and the nature of the asser- 
tion which is embodied in the message. 
Attitudes can be specified as favor- 
able (+), neutral (0), and unfavor- 
able (—). Assertions can be specified 
as positive or associative (+) or 
negative or disassociative (—). They 
may also, of course, include evaluative 
loading (e.g., when X denounces Y, 
we have both a dirassociative asser- 


tion and negative evaluation of Y). 
When attitudes toward both objects 
of judgment are polar, the nature of the 
assertion determines congruence or in- 
congruence. For EISENHOWER (+) to 
come out in favor of FREEDOM OF THE 
PRESS (+) is, of course, congruent 
with the existing frame of reference 
of most people in this country, but 
for THE DAILY WORKER (—) to speak 
in favor of FREEDOM OF THE PRESS 
(+) is attitudinally incongruent. In 
this simplest of states in which human 
thinking operates, sources we like 
should always sponsor ideas we like 
and denounce ideas we are against, 
and vice versa. s 

When the existing attitude toward 
one of the objects of judgment i$ 
neutral and the other polar, we must 
speak of what directions would be 
congruent. If, for example, a favor- 
able source like EISENHOWER were tO 
make a favorable assertion about the 
MINISTER FROM SIAM (a neutral notion 
to most of us), it would be congruent 
if the latter were also favorable— 
hence pressure is generated toward 
attitude change in this direction. 
PRAVDA (—) sponsors GRADUAL DIS- 
ARMAMENT (0), the pressure is such 
as to make the relatively neutral 
notion of disarmament less favorable; 
similarly, if a PROFESSOR (0) as a 
source favors PREMARITAL SEXUAL 
RELATIONS (—) as making for better 
Marriages, it is the PRorrssor that 
becomes less favorable (this is not 
unlike the “guilt by association’ 
technique). Conversely, for our neu- 
tral PROFESSOR (0) to speak out 
against MORAL DEPRAVITY (—) must 
have the effect of raising his esteem 
(this is the familiar “I am against 
sin” technique). 

When both objects of judgment are 
neutral, there is no question of con- 
gruity between them, and movement 
is determined solely by the nature of 
the assertion, i.e., this becomes a case 
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of simple qualification or classifica- 
tion. If MR. JONES denounces MR. 
SMITH, | neither of whom is known, 
there is presumably some negative 
Pressure on MR. SMITH by virtue of 
the sheer devaluation of “being de- 
nounced.” Since the evaluation ap- 
Plies to the concept and not the 
Source, the effect should be chiefly 
upon the concept. We shall find evi- 
dence for such an “assertion effect” 
in the available data. 

We may now make a general state- 
Ment governing the direction of con- 
&ruence which will hold for any object 
of judgment, source or concept, and 
any type of assertion. 

_ 1. Whenever one object of judgment 
1s associated with another by an asser- 
tion, its congruent position along the 
evaluative dimension is always equal in 
Pee of polarization (d) to the other 
4 ject of judgment and in either the 
ame (positive assertion) or opposite 
negative assertion) evaluative direction. 
He his is to say that we have attitude 

res toward two objects of judg- 
ee OJ, and OJ», and to each of 

ese scores we assign a value, d, 
Me ich represents the degree of polari- 
Zation of that attitude. Thus we 

Ave dos, and doy: Since the meas- 
eng instrument which has been used 
i our quantitative work so far (the 
ieee differential) treats the evalu- 
ative dimension as a 7-step scale with 

4” defined as the neutral point, we 
tide three degrees of polarization in 

ach direction, i.e, +3, +2, +1, 
OF, 1, = 2, = 3. Given OJ; and 
= 2 associated with one another 
rs Tough either a positive (OJ;A*OJ2) 

r negative (OJ,A“OJ2) assertion, we 
ae the congruent position (C) of 

er object of judgment as follows: 


If OJ,A+OJ, then 
[1] 
[2] 


dcos, = dos, 


dcos, = dos, 


If OJ,A-OJe, then 
dcos, = — dos [3] 
dcos, = — dos, [4] 


Figure 1 provides some graphic 
illustrations. In example 1, we have 
a positive assertion (indicated by the 
++ on the bar connecting source and 
concept) associating two equally fav- 
orable objects of judgment; in this 
situation maximum congruity already 
exists. In all the other illustrations 
given, the existing positions are not 
those of maximum congruence, and 
those positions which would be max- 
imally congruent for each object of 
judgment are shown by dashed circles. 
In situation 3, for example, a con- 
gruent source would be at —2 anda 
congruent concept would be at +3, 
given the favorable assertion between 
two items of opposite sign. 

Magnitude and distribution of pres- 
sure toward congruity. Knowing the 
existing locations of maximum con- 
gruence under the given conditions 
(by applying Principle 1), it becomes 
possible to state the amount and 


Fic. 1. Graphic examples of four situa- 
tions in which a source (s) makes an assertion 
(+ or —) about a concept (c). Positions of 
maximum congruity are indicated by dashed 
circles; predicted changes in attitude are 
indicated by arrows? See discussion in text. 
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direction of application of total avail- 
able pressure toward congruity. 

2. The total available pressure toward 
congruity (P) for a given object of judg- 
ment associated with another by an 
assertion is equal to the difference, in 
attitude scale units, between its existing 
location and its location of maximum 
congruence along the evaluative dimen- 
sion; the sign of this pressure is positive 
(+) when the location of congruence is 
more favorable than the existing location 
and negative (—) when the location of 
congruence is less favorable than the 
existing location. 


That is, 
Pos, == dcos, = dos, 


C5] 
[6] 


Therefore, substituting from equa- 
tions 1 through 4, 


if OJ,AtOJo, 


Pos, = dcos, — dos, 


Pos, = dos, — dos, [7] 
Pos, = dos, — dos, [8] 

If OFA-OJp, 
Por, = — dos, — dos, [9] 
Pos, = — dos, — dos, [10] 


The resulting signs of equations 7 
through 10 then represent the direc- 
tion of P. 

For example 2 in Fig. 1, the total 
pressure toward congruity available 
for the source is —2 units and for the 
concept is +2 units. As can be 
seen by inspection of these examples, 
the total pressures toward congruity 
for both objects associated by an 
assertion are always equal in mag- 
nitude, although they may be the 
same or different in sign (i.e., 
|Pos,| = |Po.,|). The upper fig- 
ures in each cell of Table 2 give the 
total Pressures and directions of ap- 
plication for all possible relations 


among sources and concepts and both 
types of assertions. These computa- 
tions are based upon the assumption 
of a 7-step scale with three degrees 
of polarization possible in each evalu- 
ative direction; they may be treated 
as general index numbers. 

The third principle with which we 
shall operate incorporates the em- 
pirical generalization that intense 
attitudes are more resistant to change 
than weakly held ones (cf., 1, 3, 9) 
but does so in a way which generates 
more detailed predictions. 

3. In terms of producing attitude 
change, the total pressure toward con- 
gruity is distributed between the objects 
of judgment associated by an assertion 
in inverse proportion to their separate 
degrees of polarization. 

In other words, relatively less polar- 
ized objects of judgment, when asso- 
ciated with relatively more polarized 
objects of judgment, absorb propor- 
tionately greater amounts of the pres- 
sure toward congruity, and conse- 
quently change more. x 

Applying Principle 3 above, it is 
possible to predict relative attitude 


change according to the following 
formulas: 


ACoy, 


ll 


Idoz,| 

|dor,| + |dos, | Ps it] 
_ Idor, | 

ACos, AEJ Tanl Pos, [12] 
where AC refers to attitude change; 
where doz, and dos, are taken at their 
absolute values regardless of sign, and 
where Pos, and Poy, are determine 
from equations 7+hrough 10. Thus, 
the sign of the right-hand side of the 
equation is always that of the par- 
ticular Poy under consideration, an! 
thus represents the direction of change. 
In example 1 jn Fig. 1, there is no 
Pressure and hence no change. In 
the other examples solid arrows indi- 


Lets: 
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TABLE 1 
PRE R x 
REDICTED ATTITUDE CHANGE FOR CONCEPT AS A FUNCTION OF ORIGINAL LOCATIONS 
or Bota Source AND CONCEPT—POSITIVE ASSERTION 
(Uncorrected for incredulity) 


Orginal Attitude Original Attitude Toward Concept 
+3 +2 + 0 -1 -2 -3 

+3 0.0 +0.6 +1.5 +3.0 +3.0 +3.0 +3.0 
+2 —0.4 0.0 +0.7 +2.0 +2.0 +2.0 +2.0 
+1 —0.5 —0.3 0.0 +1.0 +1.0 +1.0 +1.0 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
= —1.0 —1.0 —1.0 —1.0 0.0 +0.3 +0.5 
=2 —2.0 —2.0 —2.0 —2.0 —0:1 0.0 +0.4 
=3 —3.0 —3.0 —3.0 —3.0 -15 —0.6 0.0 


ee direction and magnitude of 
a change. In example 2, the 
ties, must absorb twice as much 
cept ure as the more polarized con- 
i in a negative rather than a 
uae, direction (e.g., BULGARIA —1 
ine Sors HATE CAMPAIGN —3). The 
— GR prediction here, that the 
Baa more unfavorable concept, HATE 
ede PAIGN, actually becomes a little 
ad unfavorable under these condi- 
oreg? derives directly from the the- 
ical model and will be discussed 
ater, 
5 If we associate OJ, with the source 
Seta assertion, and OJ with the 
sene Ta the numbers in Table 1 repre- 
to th e results of applying formula 12 
Ss eee of attitude change 
Hous the concept for all combina- 
oua of original Attitude toward 
Es spe and concept when the assertion 
sitive, 
a that for all incongruous rela- 
aos e predicted change is constant 
as given original attitude toward 
care e (upper right and lower left 
ers of matrix)—a highly favorable 


source favoring a negative concept 
produces just as much attitude change 
when that concept is —3 as when it 
is —1. This prediction assumes com- 
plete credulity of the message on the 
part of the receiver, a condition that 
exists only rarely, in all probability, 
for incongruous messages. Certainly, 
when presented with the incongruous 
message, EISENHOWER sponsors COM- 
MUNISM, in an experimental situation, 
very few subjects are going to give it 
full credence. If we are going to 
make predictions, it is apparent that 
the variable of credulity must be 
taken into account. 

4. The amount of incredulity pro- 
duced when one object of judgment is 
associated with another by an asser- 
tion is a positively accelerated function 
of the amount of incongruity which 
exists and operates to decrease attitude 
change, completely eliminating change 
when maximal. 

Since incongruity exists only when 
similarly evaluated concepts are asso- 
ciated by negative assertions or when 
oppositely evaluated concepts are 


De 
ioe} 


OJ, 


d 
* 


e Towar 
A 


gi 
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Attitude Chan, 


Initial Attitude Toward OJ, 


Fic. 2. Predicted change in attitude 
toward OJ2 and correction for incredulity 
(postulated incredulity indicated by dashed 
lines). 


associated by positive assertions, the 
correction for incredulity is limited to 
the upper right and lower left corners 
of the matrix in Table 1. Within 
these situations, the amount of this 
correction is assumed to increase with 
the degree of incongruity, e.g., with 
the total pressure toward congruity 
available. It is assumed that no in- 
congruity, and hence no incredulity, 
can exist where one of the objects of 
judgment is neutral, e.g., EISENHOWER 
may come out either for or against a 
neutral concept like ST. LAWRENCE 
WATERWAY without the issue of in- 
credulity arising. It is realized, of 
course, that other factors than those 
discussed here may affect incredulity. 

Figure 2 provides graphic illustra- 
tion of the corrections made for in- 
credulity. The original curves, level 
for the neutral point and beyond, 
derive from the upper right corner of 
Table 1 and represent three degrees 
of favorable original attitude toward 
the source (OJ:). The dashed lines 
represent postulated incredulity, posi- 
tively accelerated functions of total 
Pressure toward congruity. The 
shape of this function is, of course, 
based on pure hunch and will probably 
have to be modified; it simply seems 
reasonable that a person’s tendency 
to reject a message will be relatively 
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much less for slightly incongruous re- 
lations (e.g., EISENHOWER +3 praises 
BULGARIANS —1) than for grossly in- 
congruous ones (e.g., EISENHOWER +3 
praises COMMUNISM —3). The light 
solid curves represent the result of 
subtracting incredulity functions from 
predicted attitude changes. The cor- 
rected values are given in Table 2. 
The same corrections, with appro- 
priate regard to sign, apply to the 
lower left corner of Table 1 and are 
made in Table 2. For incongruous 
situations, then, the formulas for pre- 
dicting attitude change become: 


LA ; 
AG =r Wy iP; Fi, 
Id.| + lde] 


LAI $ 
[a] + ae F 
where the sign of the second factor 
(i = correction for incredulity) is 
always opposite to that of the first 
factor, i.e., of P, and thus serves to 
diminish the effect. The notations 
s and c refer, of course, to source an 
concept, respectively. 

It is to be emphasized that formulas 
13 and 14 apply only to situations 
of incredulity, or, to put it another 
way, t = 0 for all credulous situa- 
tions. The precise nature of the 
i function remains to be empirically 
determined. The curve we have as- 
sumed for i approximates the function 
t=a(d?+6)(d2+4,), where the 
constants a and b are 1/40 and 1 
respectively. It is clear, however 
that i = f(d., d,), and hence the atti- 
tude change is still a function of the 
two degrees of polarization and © 
direction of the assertion. f 

Incredulity, to the extent it is 
present, will not only operate tO 
“damp” changes in attitude but 
should also appear in expressions O 
disbelief and rationalization. This 
makes it possible to ascertain the in- 


[13] 


AC, = [14] 
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credulity function independent of atti- 
tude change. A proposed experiment 
along these lines might be as follows: 
If subjects are presented with a num- 
ber of messages and told that some 
are valid and others faked, we would 
expect the frequency of “fake” judg- 
ments to be some increasing function 
of the measured amount of incon- 
gruity (e.g., in terms of locations of 
original attitudes toward the asso- 
ciated objects: of judgment). It is 
the shape of this function in which 
We would be particularly interested. 
a the same subjects were then assured 

at certain of the “fake” messages 
were actually Valid, we would expect 
to record rationalizations and other 
attempts to interpret the message 
Without modifying the evaluative 
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frame of reference; e.g., told that 
RUSSIA is actually sponsoring a PEACE 
CONFERENCE, the subject is likely to 
rationalize this event as some subter- 
fuge on the part of the Soviets in the 
Cold War. Use of the same messages 
on another group of subjects in a 
standard pre- and postmessage atti- 
tude change design should serve to 
test the prediction that attitude 
change for incongruous assertions is 
damped in proportion to the degree of 
incredulity produced. 

This independence of credulity as 
a variable also means that it should 
be possible to approximate the atti- 
tude change values in Table 1 (un- 
corrected) under special conditions 
where credulity is made more prob- 
able. For example, if EISENHOWER 


TABLE 2 


TOTAL Pressure TOWARD CONGRUITY (UPPER NUMBERS) AND PREDICTED CHANGES IN 
ATTITUDE (LOWER NUMBERS) AS CORRECTED FOR IncREDULITY* 


(Positive assertion)** 
Initial Initial Location of OJ1 
Bae i +3 +2 +1 o -1 -2 -3 M 
+3 0 41 +2 +3 Ja å # +6 
od ooo EnS I TESORIERE EES 0.0 | +1.3 
+2 =1 0 +1 +2 +3 +4 +5 
—0.4 ae e Ol | SEM a +0.8 
+1 —2 Ln 0 +1 45) +3 +4 
-0.5 0.3 O10) We FO ROS HOES 
0 —3 =o) eil 0 +1 +2 +3 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SS 
aml —4 =3 —2 —1 0 +1 +2 
yey | SOR | ea 0.0 +03 +05 —0.3 
p? a a) -2 mi ORNE] 
—0.5 —1.3 —1.8 —2.0 —0.7 0.0 +04 —0.8 
= -6 =$; er =e =2 -1 0 
0.0 —1.5 —2.6 —3.0 —1.5 —0.6 0.0 EE 
1u ie Gy ata 17 fim wholes 


* 
ag The OJ whose change is being predigted, ei 


When dealing with negative assertions, reverse the sign 


ther source or concept, is always OJ: and the other is OJa. 


of OJ: ard look in tht row. 
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were actually to invite important 
COMMUNIST PARTY OFFICERS to a 
friendly dinner at the White House, 
the effects on devaluating EISEN- 
HOWER and vice versa should be ex- 
treme. The greater effectiveness of 
“event” as compared to “word” 
propaganda follows directly. 

The lower numbers in each cell in 
Table 2 represent the predicted mag- 
nitudes and directions of attitude 
change for all combinations of original 
attitude—for SOURCES or CONCEPTS 
and for either positive assertions or 
negative assertions (see instructions 
in table footnotes)—as computed by 
applying formulas 11 and 12, or 13 
and 14 in the case of incongruous 
assertions. Let us take illustration 2 
in Fig. 1 as an example: the original 
attitudes in this case are —1 (source) 
and —3 (concept), so we will be con- 
cerned with the cell defined by these 
values. Looking first for SOURCE 
CHANGE (e.g., SOURCE as OJ:ı), we 
find a total pressure toward congruity 
of —2 (upper figure in cell) and a 
predicted attitude change of —1.5; 
looking then for CONCEPT CHANGE 
(e.g., CONCEPT as OJ), we find a 
total pressure of +2 and a predicted 
attitude change of +0.5, If this 
were the message BULGARIA praises 
COMMUNISM, we might expect a con- 
siderable increase in unfavorableness 
toward BULGARIA and a slight de- 
crease in unfavorableness toward com- 
MUNISM. The reader may check the 
other illustrations against Table 2 if 
he wishes. 

Predictions about attitude change 
are assumed to hold for any situation 
in which one object of judgment is 
associated with another by an asser- 
tion. In the special source-concept 
situation, we must take one additional 
factor into account—the fact that the 
assertion itself, whether positive or 
negative, typically applies to the con- 
cept rather than to tiie source. When 


X praises Y, the favorable effect of 
“praise” applies chiefly to Y; when 
X denounces Y, similarly, the un- 
favorable effect of “denounce” applies 
chiefly to Y. In other words, WE 
must add to the equation predicting 
attitude change for concepts a con- 
stant (+4) whose sign is always the 
same as that of the assertion. In the 
data we have available, the existence 
of such an assertion constant applying 
to the concept but not the source is 
clearly evident. 


A TEST OF THE CONGRUITY 
PRINCIPLE ê 


On the basis of a pretest of 36 po- 
tential objects of judgment, three 
source-concept pairs were selected 
which met the criteria of (a) approxi- 
mately equal numbers of subjects 
holding favorable, neutral, and un- 
favorable original attitudes toward 
them, and (b) lack of correlation be- 
tween attitude toward the source an 
the concept making up each pair- 
The three source-concept pairs finally 
selected were: LABOR LEADERS with 
LEGALIZED GAMBLING, CHICAGO TRIB- 
UNE with ABSTRACT ART, and SENATOR 
ROBERT TAFT with ACCELERATED COL- 
LEGE PROGRAMS. Another group of 
405 college students was given a before- 
test, in which the 6 experimental con- 
cepts along with 4 “filler” concepts 
were judged against a form of the 
semantic differential including 6 scales 
highly loaded on the evaluative factor- 
The sum of ratings on these six 7-steP 
scales constituted the attitude score 
for each concept, these scores ranging 
from 6 (most unfavorable) to 42 (most 
favorable). Five weeks later the 
same subjects were given highly real- 
istic newspaper stories including post- 
tive or negative assertions involving 
the experimental source-concept pairs- 


? This experiment is described in detail it 
a separate report by one of the authors (9)- 


ConGRUITY IN THE PREDICTION OF ATTITUDE CHANGE 51 


TABLE 3 


PREDICTED (UPPER VALUES IN CELLS) AND 
OBTAINED (LOWER VALUES IN CELLS) 
CHANGES IN ATTITUDE 


Positive Assertions | Negative Assertions 


Original 5 
itude | Original Attitude | Original Attitude 
gorad Toward Concept Toward Concept 
+]of-|+]o0 - 
Source Changes 
— WEE rs 
N +0.2| 0.0 | —1.1 | —1.1 
. o | —1.1 | —1.1 | 0.0] +0.2 
+25 | + 16| —42| —45|+ 1|+34 
0 +2.0| 0.0] —2.0 | —2.0 | 0.0 
/ —2.0} —2. .0 | +2.0 
+150 — 94 | — 68 | + 17 | +96 
= +1.1 | _ 0.0 | —0.2 | —0.2 | 0.0] +1.1 
+49] 13|- 7| —33| — 3| +34 
Concept Changes 
px +0.2 | +2,0 | +1.1 | —1.1 | —2.0 | —0.2 
+51 | +245 |+107 | — 88 | —180 | — 39 
0 oo| oo| 0.0] oo| 00} 0.0 
+39 | + 80| +48 | — 72| -79| —34 
= —1.1 | —2.0 | —0.2 | +0.2 | +2.0 | +1,1 
= 24| = 52 | — 10 | +19 | +22 | +16 


Immediately afterward the subjects 
Were given the after-test, again judging 
Je same concepts against the seman- 
tic differential. 
riginal attitudes toward each 
Source and concept were determined 
Tom the before-test scores, subjects 
ene distributed into nine cells, 
ete S400, S4C_, Soc}, etc. Attitude 
mee amounts, for both source 
Ea concept, were obtained by sub- 
moig the before-test score from the 
€r-test score for each subject, a 
oe value thereby indicating in- 
teased favorableness. 
tud. able 3 compares predicted atti- 
Sen change scores (upper number in 
cha; cell) with obtained attitude 
cell) R scores (lower number in each 
and ae both sources and concepts 
asse: or both positive and negative 
= rtions. The predicted values rep- 
Sent the algebraic mean of the atti- 


tude change scores in appropriate cells 
of Table 2 (e.g., the value for s+c+ 
with a positive assertion equals the 
average for the nine cells in the upper 
left corner) ; the obtained values repre- 
sent the total attitude change scores, 
summed algebraically, for 45 subjects 
(15 subjects on each of 3 stories) on 
6 evaluative scales. The reason for 
the gross difference in absolute mag- 
nitudes of predicted and obtained 
scores is therefore that the former are 
expressed in scale units and the latter 
in group totals. The general corre- 
spondence between predicted and ob- 
tained directions of attitude change is 
apparent from inspection of Table 3. 
In every case predicted positive 
changes (+) and predicted negative 
changes (—) show corresponding signs 
in the obtained data, and predicted 
lack of change (0) generally yields 
obtained changes of small magnitude. 

The predictions obviously hold bet- 
ter for source changes than for con- 
cept changes, and it will be recalled 
that it was also predicted that an 
assertion constant (+4) would apply 
to the concept but not the source. 
This would mean that for comparable 
situations (e.g., 54Co VS. SoC+, SoC- 
vs. S_Co, etc.) concept changes should 
be more in the favorable direction 
than source changes for positive asser- 
tions and more in the negative direc- 
tion for negative assertions. Table 4 
provides a test of this prediction. As 
can be seen, when comparable condi- 
tions for source and concept changes 
are arranged, the differences in magni- 
tudes of attitude change are regularly 
positive for positive assertions (con- 
cept changes more toward favorable 
direction) and regularly negative for 
negative assertions (concept changes 
more toward unfavorable direction). 
With 17 of the 18 values in the pre- 
dicted direction, this is obviously sig- 
nificant. — 
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A rough estimate of the size of this 
constant can be obtained from the 
average difference between source and 
concept changes for comparable situa- 
tions: it turns out to be A = + 46in 
total change score or A = .17 in units 
of the 7-step attitude scale employed. 
In other words, under the general 
conditions of this experiment, the 
assertion constant applied to concept 
changes equals about 1/6 of a scale 
unit. 

That the magnitudes of attitude 
changes as well as their directions 
tend to follow predictions is also evi- 
dent by inspection of Table 3. This 
can be seen more clearly in the corre- 
lation plot between predicted changes 
and obtained changes given as Fig. 3. 
The predicted values are here treated 
as categorical and the obtained as 


TABLE 4 
EFFECTS or Assertion ITSELF (A) 


Source Concept Difference (A) 
Positive Assertions 
(Predicted that A is +) 

5464 + 25 S404. + 51 2 

Soc} +150 Sea +245 $ 5 
Sit, + 49 $4c_ +107 + 58 
S4Co + 16 Soey + 39 + 23 
Soco + 25 Soco + 80 + 55 
Sto + 13 Soc. + 48 + 35 
S46- — 42 Sit, — 24 + 18 
So. — 94 Sto — 52 + 42 
sic.— 7 s.c._— 10 rs 

Negative Assertions 
(Predicted that A is —) 

$404 — 45 546, — 88 =i 
Soc} — 68 S4co —180 —112 
Sty — 33 54c_ — 39 = o 
S460 + 1 S4 — 72 = 93 
Soco + 17 Soco — 79 — 96 
Sito — 3 Soc. — 34 — 31 
S46- + 34 Sit, + 19 — 15 
Soc. + 96 So + 22 — 74 
st. + 34 sic_+ 16 — 18 
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Fic. 3. Correlation plot between predicted 
and obtained attitude changes after correc- 
tions for incredulity and for constant effect © 
assertion. 


continuous, and the latter have been 
corrected for the assertion constant by 
adding 46 to concept changes with 
negative assertions and subtracting 
46 from concept changes with posi- 
tive assertions. The correlation be- 
tween predicted and obtained changes 
in attitude is high (r = .91). 

A number of corollaries derive from 
the congruity principle, some of which 
can be tested against Tannenbaum’s 
data and others of which cannot. 
They are as follows: 


1. Shifts in evaluation always tend 
toward equalization of the degrees of 
polarization of the objects of judgment 
associated by an assertion. If tw0 
unequally polarized concepts are asso- 
ciated, the less polarized one becomes 
more so and the more polarized less 
SO; if a neutral concept is associate 
with a polarized óne, it always be- 
comes more polarized. In Tannen- 
baum’s data this means that the less 
polarized object of judgment (neutral) 
should always change more than the 
more polarized object of judgment 
(plus or minus); this holds for al 


Lo. 
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TABLE 5 


COMPARISON OF ATTITUDE CHANGES FOR 
NEUTRAL AND POLAR OBJECTS 
OF JUDGMENT 


Situation | Change for Neutral] Change for Polar 

Positive Assertions 

SoC4 +150 (s) O) 

S400 ` +199 (c) +16 (s) 

Sto — 98 (c) +13 (s) 

Soc — 94 (s) + 2 (c) 
Negative Assertions 

Soc. — 68 (s) —26 (c) 

$460 = 134 (c) + 1 (s) 

Sto + 48 (c) — 3(s) 

Soc + 96 (s) +12 (c) 


evant conditions except one (so¢+, 
ween’ assertion), and even here 
SNA correction for the assertion con- 
ans is made. The comparisons 
ata, in Table 5, where concept 
aa ges have been corrected for the 
ft constant, clearly substan- 
og this prediction—in every case 
A ETE member shows a lares 
shift. nd the polar member a sma 
ae When the total pressure toward 
i head is constant, it is easter to 
iei ne object of judgment more polar- 
oll han less so. That this prediction 
A ie from the theory can be seen 
of able 2 by comparing magnitudes 
pee ne change within the same 
ee column (for a given location of 
ns ce or concept) when the total 
op Ssure is the same in amount but 
Sa in sign—aypount of attitude 
Geer is always larger in the same 
coly 1on as the sign of the row Or 
oo This cannot be checked in 
not Cults data because he does 
origi = ee na between degrees of 
i nal attitude in the same direction. 
would be expected, however, from 


our general notion that evaluative 
frames of reference tend toward maxi- 
mum simplicity. 

3. Altitude change toward an object 
of judgment is an inverse function of 
intensity of original attitude toward that 
object. That weakly held attitudes 
are more susceptible to change is a 
widely held notion, but it is only 
valid, according to the present theory, 
for the average of all degrees of atti- 
tude toward the other object with 
which a given one is associated regard- 
less of sign (the absolute means, [M|], 
given at the bottom of Table 2) or for 
maximally polarized attitudes toward 
the other object (+3 and —3 rows 
in Table 2). The “law” definitely 
does not hold for other degrees of 
attitude toward the second object of 
judgment, as can be seen by inspection 
of this table. The data in Table 6 
compare predicted values (absolute 
means at bottom of Table 2) with 
those obtained by Tannenbaum, both 
being expressed in attitude scale units 
in this case. The close correspond- 
ence in trend is apparent, and the 
obtained trend is statistically signifi- 
cant. The difference in absolute mag- 
nitude presumably represents the 
limited effect of a single message 
upon attitude change. The theoret- 
ical model as developed so far takes 
account of neither learning via suc- 


TABLE 6 


ATTITUDE CHANGE TOWARD AN OBJECT OF 
JUDGMENT AS A FUNCTION OF ORIGINAL 
ATTITUDE TOWARD THAT OBJECT 
ITSELF 


Original Attitude Toward 
Object of Judgment 


+ 0 = 


Predicted 0.6 17 
Obtained (Source) 0.2 0.5 0.2 
Obtained (Concept) | 0.3 0.7 
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TABLE 7 


ATTITUDE CHANGE TOWARD ONE OBJECT OF 
JupGMENT AS A FUNCTION OF ORIGINAL 
ATTITUDE TOWARD THE OTHER OBJECT 
OF JUDGMENT 


Original Attitude Toward 


Other Object 
Assertions 
+ o - 

Positive 

Predicted +0.8 0.0 | —0.8 

Obtained (Source) | +0.3 0.0 | —0.2 

Obtained (Concept) | +0.3 0.0 | —0.3 
Negative 

Predicted —0.8 0.0 | +0.8 

Obtained (Source) | —0.2 0.0 | +0.2 

Obtained (Concept) | —0.2 | —0.1 | +0.2 


cessive messages nor of intensity of 
assertions. 

4. Attitude change for a given object 
of judgment in the direction of the 
assertion is an approximately linear 
Junction of the favorableness of the 
original attitude toward the other object 
of judgment with which it is associated. 
The more favorable the attitude 
toward a source, the greater the effect 
of a positive assertion on raising atti- 
tude toward the concept and the 
greater the effect of a negative asser- 
tion upon lowering attitude toward 
the concept. Strongly unfavorable 
sources have just the opposite effects. 
The same statements hold for changes 
in attitude toward sources when orig- 
inal attitudes toward concepts are 
varied. Table 7 compares predicted 
and obtained values. Again, the gen- 
erally lower levels of obtained changes 
as compared with predicted changes 
are presumably due to the limited 
effects of a single message. Changes 
in attitude have been corrected for 
the assertion constant, here as in 
Table 6. The obtained functions are 
in the direction predicted, and their 
trend is statistically, significant. 
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5. Whenever a congruent assertion 
associates two differently polarized ob- 
jects of judgment, and neither of them 
is neutral, the more polarized object of 
judgment becomes less so. This deduc- 
tion includes the rather paradoxical 
situations noted earlier in this paper 
in which, for example, a highly favor- 
able source comes out in favor of 
somewhat less favorable concept and 
becomes slightly less favorable itself 


in doing so, according to theory. The - 


locations in Table 2 where this predic- 
tion arises are italicized. Here we 
are forced to predict, for example: 
when EISENHOWER +3 praises GOLF- 
ING +1, he loses a littl. prestige while 
giving a big boost to the concepti 
when EISENHOWER +3 denounces 
COMIC BOOKS —1, he may make the 
latter considerably more unfavorable, 
but he loses a little ground himself in 
the exchange. It is as if a highly 
favorable source should only favor 
equally good things or be against 
extremely bad things and a highly 
unsavory concept should be only spon” 
sored by equally unsavory sources oF 
condemned by highly noble sources. 

If such an effect could be demon- 
strated, it would be convincing evt- 
dence for the whole theory. Tannen- 
baum’s study provides only a par- 
tial test for this phenomenon in that 
the experimental situation probably 
lacked the necessary sensitivity tO 
get at the very minimal changes pre- 
dicted. However, of 38 cases that 
met the necessary conditions, 24 
(55.3 per cent) showed relatively smal 
changes in the predicted direction, 
15 (39.5 per cent) showed no change, 
and only 2 (5.3 per cent) changed i” 
the opposite direction. 


SUMMARY 


This paper describes a general the- 
ory of attitude change which takes 
into account original attitude towar 


$ 


i 
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the source of a message, original atti- 
tude toward the concept evaluated by 
the source, and the nature of the eval- 
uative assertion. Predicted changes 
in attitude toward both source and 
concept are based upon the combined 
Operation of a principle of congruity, 
a principle of susceptibility as a func- 
tion of polarization, and a principle of 
resistance due to incredulity for incon- 
8gruous messages. Comparison of pre- 


‘dictions with data obtained in a re- 


ee Penman provides a test of 
ace a y, No attempt has been 
aN v integrate this particular the- 
Bhai model with more general 
ii ological theory, and we feel no 
Beane this time to attempt such 
a ed translations. We are, of 
a Tse, aware that there are many 

tiables other than those considered 


Ri which contribute to attitude 
ange, 
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A MODEL OF SHORT- AND LONG-RUN MECHANISMS 
INVOLVED IN PRESSURES TOWARD UNIFORMITY 
IN GROUPS 


HERBERT A. SIMON AND HAROLD GUETZKOW! 
Graduate School of Industrial Administration, Carnegie Institute of Technology 


Leon Festinger and his associates 
(2) have stated and tested a number 
of propositions about communication 
processes in small groups. This paper 
carries forward the synthesis of these 
propositions into an interrelated sys- 
tem, differentiating short-run mech- 
anisms from those involved in the 
long run. First, we shall formalize 
some of Festinger’s propositions and 
organize them into a model. Then, 
we shall examine two of the empirical 
studies in their relation to the mech- 
anisms involved in pressures toward 
uniformity in groups. 


1. THE POSTULATED AGGREGATIVE 
Move 


Some of Festinger’s hypotheses deal 
with aggregative relations—that is, 
they are concerned with the members 
of a group taken as a whole. Others 
focus on the behaviors of particular 
individuals in the group.? Let uscon- 
fine our work for the present to his 
aggregative propositions. 


The Aggregative Variables. 
Festinger’s hypotheses—those num- 
bered 1a, 1b, 1c, 3a, and 3b—are 
stated in terms of six aggregative 
variables, in addition to time. 


1 An earlier version of this paper was pre- 
sented to the Summer Seminar on Design of 
Experiments on Decision Processes at Santa 
Monica in July, 1952. In revising the paper 
we have‘had the benefit of valuable comments 
from Leon Festinger, James Coleman, and 
Chris Argyris, 

*A model handling the deviate member 
has been developed and will be published by 
the British Journal of Psychology under the 
title “Some Mechanisms Involved in Group 
Pressures Upon Deviate-Members,” 
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D(t): The perceived discrepancy of 
opinion on an issue among members 
of a group at time ¢; 

P(t): Pressure upon members of the 
group to communicate with each 
other at time ¢; 

L(t): Receptivity (listening) of 
members of the group to influence by 
communications from other members 
at time ¢; f 

C(t): Strength of the attraction © 
individuals to the group (cohesiveness 
at time ¢; 

U(t): Pressure felt by the group to 
achieve uniformity of opinion, i€- 
to reduce perceived discrepancy © 
opinion at time ¢; 

R: Relevance of the issue to thé 
group. This variable appears as 2 
parameter, and hence as constant 19 
time. 


In constructing the model we shall 
assume that each variable is som? 
kind of average or aggregate for mem 
bers of the group. For example, 
might be measured by locating thé 
opinions of group members on a scale» 
attaching numbers to scale positions 
and calculating the standard deviatio” 
of the members’ opinions in terms Q 
these numbers. Even the intervening 
variables, although not directly meas- 
ured, can be thought of as averages © 
the values for “tadividual members: 
We will assume that the magnitude 
of each variable at time ¢ for a give? 
group can be represented by a te 
variable, using the latter term in Í 
mathematical sense. 

Representation of the Hypotheses w 
Equations. Festinger's aggregativ 
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follows: 
sphtumber of 
Proposition Variables Interrelated 


la D and P 
1b Rand P 
Tor Cand P 
3a Change(s) in D and U 
3b Change(s) in D and C 


Propositions (2, pp. 273-277) state 
telationships between variables, as 
ite could now translate each of these 
i ve propositions into a corresponding 
mathematical relationship. This 
Yaad not do justice, however, to 
DT meaning, and might fail to repre- 
=e adequately the dynamic mech- 
Soe that Festinger implicitly pos- 
ae es. Instead, we shall set forth a 
jen el of five equations which, we be- 
€, constitutes a reasonable inter- 
een of the mechanisms. Then 
Ne all show the relation of Festing- 
wwe iaplici propositions to the system 
eee constructed. The five equa- 
foll comprising the model are as 
ows: 
dD 
w =PO, LO, D0} A1] 


[1:2] 
[1.3] 


P) = PLD, U1, 


| L® = LUH], 
dC 


q =H, UA, cH [14] 


U® = ULC), R]. [1.5] 


pec that two of the equations, 1.1 
Then; -4, postulate a process of adjust- 
» of D and C, respectively, that 


al 

€s place gradually over time. The 
3 
Gane? The time rate of change in the dis- 
Sure to», of opinion is afunction of the pres- 
ence, e anuita the receptivity to influ- 
temainin, the existing discrepancy. The 
analo; g four equations may be read in an 
fu Sa fashion. The change in the “is a 
to fe of” designation from f to P to L to g 
involved ao Ply to indicate that the functions 
Saril +515. the five equations are not neces- 

Y identical in form. 


remaining equations, 1.2, 1.3, and 1.5, 
make P, L, and U, respectively, 
change instantaneously with the vari- 
ables on which they depend. The 
term “instantaneously” need not, of 
course, be interpreted literally, but 
may be taken to mean that the mech- 
anisms represented by these three 
equations bring about more rapid 
adjustment in the dependent variable 
than the mechanisms in the other two. 
This part of the system enables us to 
make clear distinctions between the 
short-run and long-run mechanisms 
involved in pressures toward uniform- 
ity. While the equations permit the 
values of the variable to change 
through time, the forms of the equa- 
tions themselves are assumed to be 
independent of the length of time the 
group is in existence. 

The propositions are stated so as to 
involve only ordinal and not cardinal 
properties of the variables. This is 
important, since in the present stage 
of development of operational defini- 
tion of the variables the scale units are 
arbitrary. We can observe that 
group A is more cohesive than group 
B, but not that A is twice as cohesive 
as B, or that the cohesiveness of A 
exceeds the cohesiveness of B by a 
greater amount than the cohesiveness 
of C exceeds the cohesiveness of D. 
It should be stressed that our treat- 
ment does not impose any require- 
ments of measurability not already 
present, implicitly or explicitly, in 
Festinger’s verbal theory. The equa- 
tions make statements about certain 
variables as being “greater” or ‘“‘less,” 
but precisely the same kinds of state- 
ments are required in the verbal 
theory. 

Now let us compare Festinger’s 
propositions with our model. ka 

Hypothesis 1a: The pressure on 
members to communicate to others in the 
group concerning “item x” increases 


58 HERBERT A. SIMON AND HAROLD GUETZKOW 


monotonically with increase in the per- 
ceived discrepancy in opinion concern- 
ing “item x” among members of the 
group. 

This proposition states that there is 
a relation between P and D, and that 
a change in the latter brings about a 
change in the former in the same di- 
rection. We have expressed this in 
equation 1.2 by making P dependent 
on D. To encompass’ Festinger’s 
proposition we need to add the addi- 
tional hypothesis that Pp > 0; where 
Pp symbolizes the partial derivative 
of P with respect to D, and designates 
the change in P for a unit change in D 
when U is held constant. If the 
sign of the derivative is positive 
(greater than zero), the relation be- 
tween the variables is of the form, “if 
xı increases, x2 increases.” When the 
derivative is negative, the relation is 
the inverse. 

Hypothesis 1b: The pressure on a 
member to communicate to others in the 
group concerning ‘item x” increases 
monotonically with increase in the de- 
gree of “item x” to the functioning of 
the group. 

This proposition states that there is 
a relation between P and R and that 
the two vary in the same direction. 
Festinger also postulates (2, p, 274) 
that an increase in R brings about an 
increase in P via an increase in UE 
These hypotheses are represented by 
our equations 1.2 and 1.5. To trans- 
late the whole of Festinger’s hypothe- 
sis we need to postulate further that 
Py > 0 and Ug>0. Note that in 
this instance Festinger’s more formal 
hypothesis was supplemented by an 
explanatory discussion linking the 
more simply stated proposition to 
other parts of the system. 

“Hypothesis 1c: The pressure on 
members to communicate to others in the 
group concerning “item x”. increases 
monotonically with increase in the co- 
hesiveness of the group. 


This proposition is precisely parallel 
to 1b, with C replacing R. Hence, it 
is translated by equations 1.2 and 1.5 
with the conditions that Ug > 0 and 
Py > 0. 

Hypothesis 3a: The amount of change 
in opinion resulting from receiving a 
communication will increase as the 
pressure toward uniformity in the 
group increases. 

The amount of change in opinion— 
in the direction of greater or less uni- 
formity—between times żọ and 4, is 
expressed by the integral of dD/dt 
from to to tı, dD/dt being defined by 
equation 1.1. Let us assume, now, 
that fp < 0 and fz <0; that is, the 
greater the pressure to communicate 
and the greater the receptivity to in- 
fluence, the more rapid will be the 
change (decrease) in the discrepancy of 
opinion. We assume further, with 
Festinger, that Ly > 0 in equation 
1.3. We have already assumed that 


Py > 0. It follows that 2 = frlu 


+ fePu < 0, and hence that the rate 
of change of opinion toward uniform- 
ity will be the greater, the larger is U. 
The total change of opinion in the 
interval fo to ¢; will be the greater, the 
larger is dD/dt during this interval. 


Represent this total change in D by 
AD ie, 


4 dD(t) 
AD = if, a dt. [1.6] 


Then Festinger’s hypothesis 3a is 
equivalent to the foregoing statement 
that AD is the greater, the larger is U 
during the interval f) to ty. 

Hypothesis 3b: The amount of 
change in opinion resulting from re- 
cewing a communication will increase 
as the Strength of the resultant force to 
remain in the group increases for the 
recipient. 

This hypothesis states that AD is 
the greater, the larger is C, But C is 
related to U, via equation 1.5, with 


—— 
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the requirement that Uc > 0. And 
U, in turn, is related to L via equation 
1.3, with Ly > 0. Then, since dD/dt 
is related in equation 1.1 to L, with 
ðf/ðL < 0, it follows that the integral 
of dD/dt for the interval é to £ (or 
AD) will be greater, the larger is C. 
This indicates that Festinger’s hy- 
Pothesis 3b is not independent but 
follows from the earlier assumptions, 
namely those made in 1c and 3a. 

We have now established an inter- 
Pretation of Festinger’s five hypothe- 
Ses in terms of (a) four equations in- 
volving six variables (we have not 
yet made use of equation 1.4); and 
(b) a number ôf statements about the 
Signs of the partial derivatives of the 
dependent variables with respect to 
the independent variables in these 
€quations.4 For convenient reference, 
let us restate the assumptions implied 
by the hypotheses about the signs of 
Partial derivatives: 


fe <0, [1da] f,<0, [1.1b] 
P» >0, [1.2a] Py>0, [1.2b] 
Lv >0, [1.3a] 

Uc>0, [1.5a] Ur > 0. [15b] 


Thus far we have said nothing 
about equation 1.4. This equation is 
not embodied in any of Festinger’s 
more formal hypotheses, but is a trans- 
lation of his statement that “People 
tend to locomote into [groups which 
share their opinions and attitudes ]and 
out of groups which do not agree with 
them’ (2, p. 273), Equation 1.4 
States that the rate of change in co- 

€ 


‘Since the appearance or nonappearance of 
paar variables in particular equations 
nd the signs of the partial derivatives in these 
So do not depend upon the scales on 
ATE the variables are measured, our hy- 
t ee satisfy the condition, earlier stated, 
& eu ey should require only ordinal, and not 
*dinal, measurement of the variables. 


hesiveness of a group depends upon 
the discrepancy of opinion and the 
pressure toward uniformity. We pos- 
tulate further that: 


[1.4a] 


That is, a large discrepancy of opinion, 
for a given pressure toward uniform- 
ity, or a large pressure toward uni- 
formity, for a given discrepancy in 
opinion, both bring about a rapid de- 
crease in group cohesiveness. Note 
that we have also postulated that the 
change in cohesion is dependent upon 
the level of cohesion itself. Equation 
1.4, or some alternative, is needed to 
make the dynamic system complete. 
We shall see that in some of the em- 
Pirical studies, the mechanism of 
equation 1.4 is in fact involved; in 
others of the studies we need to as- 
sume instead that C is constant for 
the time interval of the experiment, 
that is, dC/dt = 0. 

Interpretations have now been pro- 
vided for all five equations, but noth- 
ing has been said about the signs of 
two of the partial derivatives, fp in 
equation 1.1, and ge in equation 1.4. 
Let us suppose a system governed by 
these five equations to be in equilib- 
rium, so that dD/dt = 0, and dC/dt 
= 0. Then the values of the five 
dependent variables, D, P, L, C, and 
U will depend only on the value of the 
single remaining independent variable 
R. Each value of R will determine a 
corresponding equilibrium position of 
the system. Now if P and L vary, as 
the system moves from one position of 
equilibrium to another, a determinate 
change in D must take place in order 
to satisfy equation 1.1. The direction 
of change in D, for increases in P and 
L, will depend on the signs of the two 
partial derivatives already assumed to 
be negative: fp and fz; and upon the 
sign of fp. In this situation, using 


go <0, gu <0. [1.4b] 
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the chain rule for differentiation,’ we 
get: 


fròP +fr8b +fosD =0, [1.7] 


where 6P, 6L, and 6D represent the 
changes in these variables in moving 
from one equilibrium position to a 
neighboring one. Applying the chain 
rule to equation 1.4 we find that: 


gpdD + guôU + £cdC =0. [1.8] 


On the basis of the interpretations 
we have given to the mechanisms, it is 
plausible to assume that if pressure to 
communicate (P) and receptivity (L) 
are large, then the discrepancy of 
opinion (D) will be pushed down to a 
lower equilibrium level through the 
mechanism of equation 1.1 than if P 
and L are small. This is equivalent 


to saying that ôD/ôêP =— (fp/fp) < 
0, and 6D/sL =— (f1/fo) < 0; 
whence, 

fo <0. [tit] 


Similarly, high levels of discrepancy of 
opinion (D) and of pressure toward 
uniformity (U), if maintained, may 
be assumed to drive cohesiveness (C) 
to lower levels, through the mechan- 
ism of equation 1.4, than will low 
levels of D and U. It then follows by 
in argument similar to that just given 
that 


go > 0. [1.4c] 


This completes the comparison of 
Festinger’s propositions with our 
model. Note that in addition to the 
five equations, it was necessary to 
make explicit assumptions about the 
signs of eleven partial derivatives. 
By way of summary, we diagram in 
Fig. 1 the causal relations among the 
variables that are implied by the 


, "See the chapter on partial differentiation 
in any standard calculus, e.g., Granville, 
Elements of the Differential and I. ntegral Calcu- 
lus, (rev. ed.), 1929, p. 419; or Osgood, 
Advanced Calculus, 1925, pp. 112--119, 


Tine 
w 
R 
c 
es = ad 
en e 
Fic. 1. Psychological mechanisms 
postulated in the model. 
' 
equations. For simplicity we assume 


changes in the variables to take place 
at discrete intervals in time rather 
than continuously. Thus D(t + 1) is 
the value of D one time interval after 
t. By equation 1.1, D (¢+1) is 
determined by D(é), P(é), and L(t). 
By equation 1.2, P(t) is determined 
by D(t) and U(t); by equation 1.3, 
L(t) is determined by U(t); by equa- 
tion 1.4, C(t + 1) is determined by 
C(t), D(t), and U(t); and by equation 
1.5, U(t) is determined by R and 
C(t). 


2. EXAMINATION OF THE EMPIRICAL 
STUDIES 


Festinger draws upon evidence ob- 
tained in a number of experiments 
and a field study for confirmation of 
the hypotheses. In this section we 
shall re-examine the evidence from 
three of the studies in terms of the 
aggregative medel that has been 
formulated. Our’ purposes are two- 
fold: (a) We want to check the extent 
to which the empirical data support or 
contradict our reformulation of Fest- 
inger’s system; and (b) we want to 
know whether all of the eleven ‘‘deri- 
vative” hypotheses have been tested 


Fiaa 


ey aye 
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—and if not, just which ones remain to 
be tested in future experimental work. 

Back’s Influence Experiment. Back 
(1) performed an experiment with 
teams of two subjects each. Each 
team member was instructed to write 
an interpretation of pictures he had 
seen alone before discussion with his 
teammate, and again after discussion. 
Each subject believed his pictures 
were identical with those seen by his 
teammate, but they were in fact some- 
what different. 

Opinion change in a team was meas- 
ured by a content analysis of the simi- 
larities and differences in the interpre- 
tations of teainmates. In this way, 
a measure could have been obtained 
of Do, the discrepancy at the begin- 
ning of the trial, and Dr the discrep- 
ancy at the end of the trial. Back did 
Not, in fact, measure Do and Dr. 
Instead, he noticed the number of 
changes that took place between the 
Initial and final interpretations in the 
direction of the partner’s interpreta- 
tion (1, Tables 4 and 5). The num- 

er of such changes may be taken as a 
Measure of the decrease in difference 
1n opinion, i.e., Do — Dr. Since the 
times of all trials were short and 
equal, Dog — Dr will be approxi- 
mately proportional to dD/dt at time 
to. We shall accordingly represent it 
by the symbol ADo. 

© measurement was made that 
can be regarded unequivocally as a 
irect measure of pressure to com- 
Municate (P), receptivity (Z), or 
Pressure toward uniformity (U). 
his is hardly surprising, since all 
these variables refer to “states” of the 
Subject, lie entirely inside his skin, 
ae hence can be observed only in- 
eas through behaviors they pro- 
al b Back made three sets of ob- 
a egos intended to serve as indices 
Bh hese latent variables. The first 
a asure was a rating of the team dis- 
Ssion by observers as active or with- 


drawing. An active pattern will be 
interpreted as evidence of high P, a 
withdrawing pattern as evidence of 
low P. The second measure was the 
report of subjects as to whether they 
felt, in the discussion situation, some 
or no pressure from their partners to 
change their interpretations. Re- 
ported pressure will be interpreted as 
high U, lack of pressure as low U. 
Third, subjects were also asked to 
report whether they had been recep- 
tive to influence by the partner. 
These reports will be regarded as 
measures of L. 

No direct measurement was made of 
cohesiveness or relevance. The in- 
structions given to team members at 
the beginning of the trials were in- 
tended to produce high cohesiveness 
in half the teams and low cohesiveness 
in the others. The instructions, as 
interpreted by Back, are given as 
indirect measures of Co. That cer- 
tain instructions to the subjects will 
produce high or low cohesiveness is 
based only on “common sense” and 
introspective interpretation of the 
psychological impact of the instruc- 
tions. Hence, it would have been 
better if C also had been measured 
directly. 

It is not clear whether the inter- 
group differences produced by the 
instructions should be regarded only 
as differences in Co, or whether they 
should be regarded as differences in 
Ro as well. In three different sets of 
experimental groups, Back attempted 
to employ three different bases for 
inducing high or low cohesiveness : 
personal attraction to the team part- 
ner, reward for group performance, 
and the prestige of the group. Back 
argues that pressure toward uniform- 
ity arises from two sources: the fúiic- 
tion of the group as a reference group 
in determining social reality (which 
depends on cohesiveness), and the 
function “of the group as a means 


62 9 HERBERT A. SIMON AND HAROLD GUETZKOW 


toward reaching a personal goal 
(which operates through the relevance 
of uniformity of opinion to goal 
achievement). Itis reasonable, there- 
fore, to interpret the first and third of 
the motivations in Back’s experiment 
as cohesiveness-producing motiva- 
tions; but to interpret the second— 
reward for performance—as a rele- 
vance-producing motivation. Hence, 
we shall assume that the experimental 
instructions produce differences both 
in Co and in Ro for all three sets of 
groups. In the present interpreta- 
tions of the model this distinction is 
not vital, for Uc and Up are both 
positive, and hence act upon U in 
equation 1.5 in the same direction. 
A clarification of the distinction would 
appear important, however, to further 
development and testing of the the- 
oretical scheme, if any operational 
significance is to be attached to the 
asserted difference between these two 
variables. 

It is implicitly assumed in the ex- 
perimental design involving team dis- 
cussions of about ten minutes that the 
effect of the instructions upon co- 
hesiveness and relevance persisted for 
the duration of the experiment. If 
this 1S correct we can eliminate equa- 
tion 1.4 from the system, and assume 
that C, like R, in equation 1.5 is a 
parameter, constant for the duration 
of the experiment with any one group. 
This amounts to an interpretation of 
this experiment in terms of a “‘short- 
run” model in which the mechanisms 

' represented by the remaining four 
equations were operating, but in which 
the system did not have time to settle 
to a final equilibrium. We simply 
ignore the “feedback” effect of dD/dt 
onD. Then we may regard the equa- 
tivas as four relations that determine 
the values of the dependent variables 
ADo, Po, Lo, and Uo as functions of 
the independent variables (or “param- 
eters”) Do, Co, dnd Ro. Finally, 


since Do is assumed to be the same 
for all groups (the same sets of pic- 
tures were shown to all groups), this 
variable may be ignored in analyzing 
the intergroup differences. 

What predictions can we make from 
the model of the Back experiment so 
interpreted? If we employ symbols 
like 6P, again, to designate intergroup 
differences in the initial values of the 
dependent variables as functions of 
intergroup differences in the independ- 
ent variables, we can deduce the fol- 
lowing from our previous equations by 
differentiating them, using the chain 
rule: 


ôUo = UcôC + UrôR, 

(from equation 1.5), [2.1] 
6Lo = LyôU, 

(from equation 1.3), [2.2] 
ôPo = PyôU, 

(from equation 1.2), [2.3] 
ôADo = frôP + frôL, 

(from equation 1.1). [2.4] 


From these relations, together with 
the previous assumptions as to the 
signs of partial derivatives, the follow- 
ing hypotheses can be derived by 
algebraic means, taking C and R as 
independent variables: 


ôU/ëC = Ue > 0, [2.1a] 
6U/5R = Ur > 0, [2.1b] 
8L/8C = LyUe > 0, [2.2a] 
ôL/òR = LyUp > 0, [2.2b] 
5P/8C = PyUc > 0, [2.3a] 
6P/6R = PyUp >.0, [2.3b] 


òAD/ôC = (frPy + frLy)Ue < 0, 
[2.4a] 


ôAD/ôR = (frPy + frLv)Up < 0. 
[2.4b 


Let us now check the extent to 
which Back’s empirical findings con- 


a 
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firm these predictions. The fact that 
persons in the high cohesive groups 
tried to influence (P) their partners 
more actively (chi square significant 
at .02 level) than did individuals in the 
low cohesive groups, who tended to 
withdraw (1, p. 15), may be taken as 
confirmation of equations 2.3a and 
2.3b. His finding that “less than half 
of the members of the low cohesive 
group reported that they felt some 
pressure (U), while more than two 
thirds of the members of the high 
cohesive group did so” (1 p. 16) 
(again significant at the .02 level), 
does not contradict equations 2.1a 
and 2.1b. Although Back says ‘‘Self- 
ratings on resistance [the inverse of 
L]... showa slight decrease” (1, 
P. 16) in level in the high cohesive 
groups, he reports the difference is not 
statistically significant. Thus, there 
is only weak confirmation of equations 
2.2a or 2.2b. 

„Table 4 in Back’s report (1) pro- 
vides confirmation for equation 2.4a, 
8AD/8C < 0;and equation 2.4b, 5AD/ 
R < 0. These significant findings are 
consistent with the assumptions of the 
Original model but do mot, it should be 
Noted, verify all the individual as- 
sumptions about the signs of partial 
derivatives. The lack of confirma- 
tion, at a significant level, of equations 
2.2a and 2.2b is disturbing, since 
Lu Ue or LyUn, or both, appear in all 
the other hypotheses, too. Since 
9L/AC and aL/aR are found empiri- 
cally not to be significantly different 
from zero, either Ly or both Uc and Ur 
Must be close to zero. But inasmuch 
as confirmation of equations 2.1a and 
2.1b indicates that Uc = 0, Ly must 

e close to zero; such a conclusion is 
Not contradicted by our confirmation 
of equations 2.4a and 2.4b, for the 

tLy terms might be zero without 
changing the signs of 6AD/sC or 
SAD/sR. 


In summary, we may say that 
Back’s experiment constitutes a test 
of some short-run properties of the 
present mathematical model. The 
findings of the experiment verified 
some, but not all, of the assumptions 
regarding the signs of partial deriva- 
tives, and strongly contradicted none 
of the assumptions. If the experiment 
were to be repeated, its power to test 
the model could be increased by in- 
troducing additional procedures for 
measuring certain of the variables, 
such as R, Co, and Cr. 

The Festinger-Thibaut Experiment 
on Interpersonal Communication. 
This experiment (4) involved vari- 
ables referring to individual members 
of a group, as well as variables defined 
as group averages. The present dis- 
cussion is limited to those findings of 
the experiment that can be stated in 
terms of aggregates. 

A problem was given to members of 
a discussion group, and they were 
asked to record their solutions before 
and after discussion. The standard 
deviations of the opinions in each 
group at the beginning of the twenty- 
minute discussion and at the end are 
taken as measurements of the vari- 
able D—specifically, Do and Dr. 
The several experimental groups were 
initially given different sets of in- 
structions. The instructions that 
aimed at inducing “homogeneity” 
stressed the similarity of group mem- 
bers, and can be interpreted as co- 
hesiveness-producing variables. The 
instructions aimed at producing “‘pres- 
sure toward uniformity” stated that 
the group should arrive at agreement 
on opinion or at the ‘‘correct”’ opinion. 
In Festinger’s scheme, this variable 
may be translated as relevance. . We 
shall treat the homogeneity-hetero- 
geneity instructions as determining 
Co, and the other instructions as 
determining Ro. 
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The appropriate model for this 
experiment would appear to be the 
same as for the Back experiment. 
The experimental findings can be ex- 
pressed (4, p. 99, Fig. 2) as 6AD/6éC 
< 0 and 6AD/éR <0. Thus we see 
that the findings in this experiment 
exactly parallel one of the findings in 
the Back experiment. 

The need for further clarification 
of the variables C and R is evidenced 
by the fact that Festinger cites 
Back’s experiment as evidence for his 
hypothesis 3b, and the Festinger- 
Thibaut study as evidence for his 
hypothesis 3a, while we have con- 
cluded that there is no difference in 
the findings regarding AD in the two 
experiments. The reason for this 
difference is that Festinger treats the 
instructions in the Back experiment as 
determining C and instructions in the 
Festinger-Thibaut experiment as de- 
termining U, while we have inter- 
preted these instructions as determin- 
ing C and R in both experiments. 

The Housing Study. Unlike the 
two experiments already discussed, 
the housing study (3) was a field 
study and not an experiment. This 
has two consequences. First, the 
field situation reflects the working of 
all the mechanisms actually present. 
Individual variables cannot be made 
“independent” through experimental 
control and randomization, as they 
can in the laboratory. Second, the 
relevant time span during which the 
mechanisms operate is much longer in 
the field situation than in the labora- 
tory. In a relatively stable field 
situation of this sort we can expect to 
observe the variables only in the 
neighborhood of the equilibrium posi- 
tion or positions of the system. 

™ the field study, a correlation of 
.74 was found between (a) the co- 
hesiveness of groups in a housing proj- 
ect, and (b) the effectiveness with 
which a group standard relevant to 


the functioning of the groups was 
maintained (3, p. 12, Table 16). 
Festinger treats these findings as 
parallel to the findings in Back’s work 
in confirmation of hypothesis 3b. 

In interpreting the earlier experi- 
ments, because of the short time period 
involved, the feedback described by 
equations 1.1 and 1.4 could be ignored. 
Moreover, the variable Do was as- 
sumed to be the same for all groups 
at the outset of the experiment. In 
the field study, there is no reason to 
suppose that we can ignore the change 
of D and C through time, as deter- 
mined by equations 1.1 and 1.4. 
Furthermore, the variables that are 
correlated are Dr with Cr, and not 
Do with Co and Ro, for the measure- 
ments were made after the residents 
of the housing project had been 
residing there and interacting for a 
considerable period (up to 15 months). 

These considerations suggest that 
the appropriate model for representing 
the field study is the complete model 
of equations 1.1 through 1.5, together 
with the corresponding inequalities. 
If this is so, then the short-run as- 
sumptions that permitted us to apply 
the method of comparative statics 
in the two experiments are no longer 
applicable. Given the initial condi- 
tions, the time path of the behavior 
of the group will be determined by 
equations 1.1 through 1.5, and two 
groups with the same initial positions 
will have the same paths. If we as- 
sume that the initial values of at least 
some variables were different for the 
various groups, we can derive a plau- 
sible interpretation of the field study, 
and can show also*that the field results 
prove something quite different from 
(but not inconsistent with) Back’s 
experiment—contrary to Festinger’s 
interpretation of the two sets of data 
as supporting the same proposition. 

Using equations 1.2, 1.3, and 1.5 to 
solve for P, L, and U, respectively, 
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= the system can be rewritten in terms 


of two different equations in C and D: 


D 
a 7 fPD, U(C)], LLU(C)], D}, 

[2.6] 
[2.7] 


Now for a system obeying these equa- 
tions and starting off from some ini- 
tial position [Do, Co] we can represent 
Its path by a curve in the D-C plane. 
Each point on the curve [D(é), 
C(t)] will represent the position of 
the system at some time, £ What 
can we say in general about the vari- 
ous paths corresponding to different 
initial conditions ?® 

Consider the points for which dD/dt 
=f=0. These lie on a curve on 
the D-C plane. Moving along this 
Curve, the requirement that f = 0 
gives us the following equation for the 
ratio between the rate of change of C, 
le., ôC, and the rate of change of 
D, ôD: 


fe{PrsD + PuUcòC} 

+frlyUcdC foD = 0. [2.8] 
This expression is obtained by differ- 
entiating equation 2.7, using the chain 


tule. Then we have for the slope of 
this curve: 


pe E ] 
6D Japjatmo 


= — (fePp + fo) 
Uc(frPu + frLu) 


Similarly, for the curve on which 
C/dt = g = 0, we obtain: 


= [5] °? 
8D Jacyat=o 


e aT 
guUc+ ge 


° For the methods appli 
i pplied here, see Lester 
R. Ford, Diferential Equations, pp. 9-12; and 
Ose J Andronow and C. E. Chaikin, Theory of 
Ulations, 1949, pp. 8-12, 182-193, 203-8. 


dC 
q = EID, UO), C). 


<o 2] 


<0. [2.10] 
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By using our assumptions about the 
signs of these partial derivatives al- 
ready made above, it can be shown 
that the slopes of both these curves 
are negative in the D-C plane. 

Now there are grounds of plausibil- 
ity for making assumptions which en- 
able us to say that these curves have 
a particular shape—specifically, that 
c approaches zero for very large and 
very small values of C, and that 1/p 
approaches zero for very large and 
very small values of D. The argu- 
ment is as follows: Equation 2.7 de- 
scribes a mechanism whereby co- 
hesiveness adjusts to discrepancy of 
opinion. It is plausible to suppose 
that this mechanism is subject to 
saturation—that when C reaches very 
high levels it will not be driven much 
higher by further decreases in D; and 
that when C reaches very low levels 
it will not be driven much lower by 
further increases in D. A similar 
saturation assumption is plausible for 
the mechanism of equation 2.6 which 
determines the equilibrium level of 
D asa function of C." 

If the two saturation hypotheses 
hold, then the curves f = 0 and g = 
0 must have one of three possible con- 
figurations (Fig. 2). In cases I and 
II we have a single point of equilib- 
rium—a point for which simultane- 
ously f = dD/dt = 0, and g = dC/dt 
=0. Incase III we have three such 
points of equilibrium. An analysis 
by standard methods (omitted here) 
shows that certain conditions must be 
satisfied if the equilibrium position is 


7These two saturation hypotheses each 
imply cardinal measurement of CandD. The 
conclusions we shall draw from the two of 
them together, with respect to the existence 
and location of stable and unstable equilibrium 
points, depend, however, on only ordinal maas- 
urement. It would be desirable to restate 
the saturation hypotheses—or that part of 
them we need—so as to remove the cardinality 
assumptions. This must be possible, but we 
have not yet been able to do it. 
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Case I 


c 


Case II 


Case III 


Fic, 2. 


to be dynamically stable (so that if 
the system is disturbed slightly from 
equilibrium, it will tend to move back 
toward the equilibrium position). 
The stability condition is: 


c/p <1. [2.11] 


We observe from Fig. 2 that equation 
2.1 is satisfied for the equilibrium 
points (E,) in case I and case II, and 
for the two extreme equilibrium points 
(Eı and E») in case III. 


Single and multiple equilibriums. 


In the housing study tenants were 
assigned to particular courts in the 
housing project, virtually at random. 
The initial cohesiveness (“tendency to 
associate”) of residents of a court 
might depend largely on the opportun- 
ities people found to meet others in- 
side and outside the project. The 
initial discrepancy of opinion in a 
court with regard to a tenant’s organ- 
ization might be regarded as a chance 
variable depending on the past experi- 


es ah 


Pressures TOWARD UNIFORMITY IN GROUPS 67 


ences of the tenants with such neigh- 
borhood activities. Quite by chance, 
some courts would have a higher 
initial D or C than others. 

Now suppose that two groups (A 
and B) initially had the same co- 
hesiveness within their courts, but 
that there was much less initial diver- 
gence of opinions with regard to the 
desirability of a tenants’ organization 
1n one (A) than in the other (B), as is 
illustrated in case III of Fig. 3. If the 
Do ofa particular court is low, as in 
A, the cohesiveness of the tenants 
will increase, which in turn will cause 
them to accommodate their opinions 
to each othefs’, further decreasing D. 
If the Do of a court is high, as in B, 
the cohesiveness of the tenants will 
decrease, which will promote further 
divergence of opinion. All these con- 
Sequences follow from the postulates 
of the mathematical model. Hence, 
when the system reaches equilibrium 
We should expect to find some courts 
with high C and low D, and some with 
low C and high D, giving a negative 
Correlation between C and D. Fur- 
ther, , as the process approaches equilib- 
rium, one would expect a clustering of 
Points (representing the courts) 
around the two stable equilibria, E1 
and E» A plot of the data from the 
F €stinger, Schachter, and Back study, 


lo 2 yp 40 å so bo To 


as presented in Fig. 3, case III, reveals 
just such a clustering, giving empirical 
confirmation of our postulation that 
the feedback process has been in 
operation. 

This interpretation of the field work 
permits a prediction of the observed 
correlation from the postulates of the 
mathematical model. The predicted 
correlation depends, however, on a 
larger set of hypotheses than those 
used in the interpretation of the Back 
and the Festinger-Thibaut experi- 
ments. To account for the findings, 
both feedbacks provided in equations 
1.1 and 1.4 were needed, and the two 
saturation. assumptions were added. 
Festinger’s original interpretation of 
the laboratory and field results as 
supporting hypothesis 3b was hardly 
accurate. Our formalization of the 
hypothesis shows its complexity, and 
indicates that the Back experiment 
supports the short-run static model, 
while the Festinger, Schachter, and 
Back data support the enlarged 
dynamic model. 

Note that only case III of Fig. 2 
predicts a negative correlation; cases 
I and II predict that the points in the 
C-D plane should cluster around E, 
thus yielding a zero correlation. Yet 
data supporting any one of the three 
cases would be consonant with the 


Case II 


lo 20 3% 40 = æ Yo D 


Fig, 3. Empirical tests of the equilibrium cases. In case III, data are from reference 3} 
P. 92, Table 16; in case II, data are from reference 3, p..93, Table 17. 
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hypotheses used in developing the 
model. Which of the three cases will 
hold depends upon the equilibrium 
equations (the relative positions of 
the two equilibrium curves on the 
D-C plane). If we plot the data ob- 
tained in the second housing project 
(3, p. 93, Table 17), we find that these 
data seem to correspond to case II, 
presented in the “Case II” graph in 
Fig. 3. According to our arguments, 
Festinger, Schachter, and Back in- 
correctly interpret their zero correla- 
tion as indicating no feedback had yet 
occurred in the few months Westgate 
West had been in operation. The 
clustering of points at E, indicates that 
the dynamic model is applicable, and 
that some groups in this cluster of 
points are close to equilibrium. The 
zero correlation between Cr and Dr 
actually confirms the existence of 
feedback. 


SUMMARY 


In this paper we have undertaken 
to carry further the development of 
a set of hypotheses about pressures 
toward uniformity in groups into a 
more integrated, less redundant sys- 
tem. We have constructed explicit 
postulates about the intervening 
mechanisms to provide linkages 
among variables, such as ‘Relevance’ 


A 


and “Pressure to Communicate.” 
Although the model covers static 
situations in which there is no feed- 
back, it also postulates dynamic 
mechanisms by which, for example, 
cohesion at one time influences the 
cohesion of the same group at a later 
time. In the present paper, all the 
variables considered were averages of 
the behaviors of all members of a 
group. 

A number of deductions were ob- 
tained from the system. Some of 
these were verified by bringing field 
and experimental data to bear. The 
model led us to examine correlational 
data for bimodality characteristics, 
indicating the existence of two stable 
equilibrium points when groups ex- 
perience uniformity. 
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THE CONCEPT OF EFFICIENCY IN PSYCHOLOGICAL 
HEALTH AND IN PSYCHOPATHOLOGY? 


JULIUS WISHNER 


University of Pennsylvania 


The central problem of this paper is 
to formulate a descriptive concept of 
Psychological health and psychopathol- 
ogy. We shall be concerned more with 
the adequacy of the conception for the 
laboratory situation than for its im- 
mediate applicability to clinical formu- 
lations or to psychotherapy. 

By way of introduction, it might be 
useful to poirt to certain differences in 
the implications of the terms “health” 
and “normality.” It is true, of course, 
that the two are often used interchange- 
ably, but this leads to confusion in 
Conception and is a reflection of the 
multiple meanings, sometimes mutually 
exclusive, attached to the terms (cf. 9). 

€ may distinguish between them by 
Using “normal” only in relation to the 
Normal curve of distribution. Abnor- 
mality, then, represents deviation from 
Some norm. It does not, in itself, con- 
vey information concerning the ade- 
quacy or appropriateness of behavior. 

tealth, on the other hand, implies pre- 
cisely such information; it does not nec- 
€ssarily convey information concerning 
norms or frequency of occurrence of 
Some phenomenon. Understood in this 
Way, the discussion to follow will be 
Concerned with the problem of psy- 
Chological health and psychopathology 
rather than with normality and abnor- 
mality. Nevertheless, experimentation 
Utilizing both kinds of conceptions will 
€ cited, since there has been no gen- 


ae on a paper presented at a sym- 

Health” on “The Meaning of Psychological 

tion at the Eastern Psychological Associa- 

Writer 2 ings in Boston, April 1953. The 
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eral agreement on a standardized usage. ; 
It should be noted that to eschew a 
wholly relativistic notion of health in 
terms of normality does not mean that 
the criteria must necessarily be of the 
absolutistic variety. The object is to 
formulate a dimension in which any two 
behavior patterns can be compared as 
to the degree of health indicated. The 
behavior need be referred neither to an 
absolute, a priori, criterion nor to some 
empirical norm. 

Further, it should be seen that the 
formulation of such a dimension is not 
necessarily related to the social defini- 
tion of psychological health. This may 
vary from society to society and from 
time to time, presumably depending 
upon social conditions, degree of knowl- 
edge, availability of treatment facilities, 
etc. However, what a particular society 
says is healthy at a given time is not 
necessarily central to a scientific formu- 
lation of a dimension of psychological 
health. A particular society may be- 
lieve malaria to be a sign of health, but 
the definition of physical health need 
not be concerned with such an opinion. 
Certainly such opinions can become im- 
portant questions for many kinds of re- 
search, as for example, in investigations 
of attitudes, but they are not of central 
significance in the formulation of an ob- 
jective definition of the field. 


PSYCHOLOGICAL HEALTH AS EFFI- 
CIENCY IN MEETING ENVIRONMEN- 
TAL REQUIREMENTS; PsYcHo- 
PHYSIOLOGICAL AND PsycuoS=” 

MOTOR EXPERIMENTS 


Individual cases of psychopathology 
as seen in the clinic present the investi- 
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gator with such a multiplicity of differ- 
ent problems that it does not appear 
likely that they can all be subsumed 
under a single rubric with respect to 
their origin. Nevertheless, they are rec- 
ognized as having in common some form 
of psychopathology. Although various 
classificatory systems have been offered 
which attempt to categorize such indi- 
viduals into classes differing in kind, 
there remains a basic assumption that 
they can also be ordered with respect to 
the degree of psychopathology shown; 
i.e., individual cases are recognized as 
being more or less disturbed. 

What are the criteria of disturbance? 
Many have been proposed. In general, 
they can be grouped into two classes, 
which are not necessarily mutually ex- 
clusive: (a) those emphasizing subjec- 
tive feelings, personal discomfort, per- 
sistent feelings of tension, etc., and (b) 
those emphasizing “appropriateness” or 
“adequacy” of objectively measurable 
behavior. For the most part, the text- 
books try to combine these (e.g., 4). 
Without entering into the endless con- 
troversy over the possibility of the sci- 
entific study of subjective feelings, the 
Present discussion will be confined to a 
consideration of objectively measurable 
behavior. 

On the basis of experimental data, 
the argument will be developed that 
the continuum of psychological health 
and psychopathology can be conceptual- 
ized in terms of the degree of efficiency 
in meeting environmental requirements. 
The definition of efficiency and environ- 
mental requirements is one of the tasks 
of this section, and will be discussed 
presently. For the moment, it is well 
to indicate that inefficiency may be 
focalized at the perceptual, cognitive, 
feeling, or action levels, and the serious- 
ness of the consequences may be a func- 
tion of the particular focus. The essen- 
tial point is, however, that without some 


inefficiency no psychopathology would 
be recognized. 

The formulation proposed here has as 
its principal point of departure those 
definitions of psychological health em- 
phasizing appropriateness and adequacy 
of behavior. Aside from the more spe- 
cific operational analysis to be given for 
the present terminology, the term effi- 
ciency is preferred here to such terms 
as appropriateness or adequacy because 
the latter usually involve a priori value 
judgments, which would make an objec- 
tive definition of psychological health 
impossible. Moreover, efficiency im- 
mediately implies something quantifi- 
able, whereas appropriateness and ade- 
quacy are usually considered in qualita- 
tive terms. Apart from this, all three 
terms, as used in this paper, have simi- 
lar connotations. 

Efficiency is a meaningful parameter 
only when the most important aspects 
of the task to be completed can be 
specified. Thus, with respect to be- 
havior in “everyday life,” the difficulties 
encountered in the use of such concepts 
as appropriateness are not surmounted 
by the use of the term efficiency. For 
the essential stumbling block remains: 
our inability to specify objectively what 
behavior is required. This is neither 
surprising nor crucial. The everyday 
situation is experimentally uncontrol- 
lable, and the testing of scientific hy- 
Potheses requires controlled conditions- 
A broken bone may not be diagnosable 
m everyday life. The fact that an 
X ray must be taken under controlled 
conditions makes it no less relevant to 
general anatomical integrity. Similarly, 
efficiency may net .be measurable in 
everyday life, but this does not affect 
its relevance to the problem of psycho- 
logical health if a relationship can be 
shown to hold under experimentally 
controlled conditions. With this argu- 
ment in mind, we can turn to a con- 
sideration of the methods of measure- 
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ment of efficiency in the psychological 
laboratory, and their relationship to the 
continuum of psychopathology. 
The laboratory situation provides a 
ready method for specifying the task 
requirements. These consist of the ex- 
perimenter’s instructions and the rela- 
tion of these to the stimulating field. If 
the subjects are motivated to cooperate 
with the experimenter, the task require- 
ments can be held relatively constant, 
but their structure, i.e., their “required- 
ness-qualities” must be known. Thus, 
the problem for controlled experimenta- 
tion should be centered on finding a 
method for measuring efficiency and the 
clear specification of task requirements. 
In psychological experiments, effi- 
ciency has often been equated with 
Productivity. It should be apparent 
Immediately that such a measure can- 
not be very useful in relation to psy- 
chological health and psychopathology, 
for it takes no account of the compara- 
tive effort exerted to accomplish a given 
task. It is a common observation that 
Neurotics will often achieve some end, 
but at a terrible price to themselves, 
Sometimes to the point of breakdown. 
Productivity, as measured by speed or 
Complexity of performance, is indeed an 
Important dimension of performance, 
but it is not, by itself, an index of effi- 
ciency, The latter requires a more 
complex analysis. 
y In inanimate machines, efficiency is a 
unction of the ratio of output to input, 
and the latter can be controlled while 
the former is measured. In animals, 
owever, input, in the same sense as in 
a machine, is an unknown quantity in 
relation to any given task. Only the 
direction of energy expenditure can be 
observed. In a previous paper (24), it 
Was suggested that, with respect to any 
even task requirements, at least two 
eae of the energy expended can 
e distinguished: (a) focused behavior 
), energy expended directly on the 


task, and (b) diffuse behavior (D), en- 
ergy expended in irrelevant directions. 
The most common method of measure- 
ment consists in recording simultaneous 
indices of tension, such as muscle ac- 
tion potentials, from a part of the body 
immediately involved in work and a 
part of the body not thus involved. A 
mirror-tracing experiment by Telford 
and Swenson (20) may serve as an 
illustration. They recorded pressures 
exerted on bulbs by both hands while 
one was occupied with the tracing. As 
performance improved, they found a de- 
crease in pressure in the unused hand 
and an increase in the used hand. Such 
results support the notion that a com- 
parison of simultaneous D and F ac- 
tivity may be a valid index of efficiency. 

In the paper previously cited (24), 
evidence was adduced for the hypothe- 
sis that individuals with psychopathol- 
ogy are characterized by a preponder- 
ance of D activity, as compared to F. 
Other findings point in the same direc- 
tion, although, as will be seen, an addi- 
tional factor probably needs to be in- 
troduced because of the inadequacy of 
our present analyses of tasks and of our 
measuring techniques. Luria (10) was 
concerned with the relationship between 
psychic conflicts and motor as well as 
associative processes. He used the word 
association technique, and his subjects 
were instructed to press down on a 
tambour with their right hand as soon 
as they gave a response word to the 
stimulus. Measurements were made of 
the movement of the left hand as well 
as of the right hand. Luria found that 
some form of motor disorganization and 
verbal blocking accompanied psychologi- 
cal disturbance, whether induced or ex- 
isting in its natural state. Similar find- 
ings have been reported by Duffy..(6) 
and Arnold (1). 7 

An analysis of Luria’s task might be 
useful here since much of the current 
work in this area utilizes his technique 
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as a point of departure. In terms of 
D and F activity, it would appear that 
the performance of the instructed right- 
hand movement in close coordination 
with the verbalization of the response 
word would constitute F activity; other 
movements of the right hand and all 
movements of the left hand would con- 
stitute D activity. This analysis leaves 
something to be desired, however. For 
example, there is no meaningful way of 
quantifying F activity. The intensity 
of right-hand pressure might represent 
either D or F activity. Pushing down 
hard on the tambour with the right 
hand could be a reflection of intense 
disturbance which might not be seen in 
any other aspect of motor activity meas- 
ured. The essential difficulty lies in the 
fact that the activity called for is not 
an integral part of the whole task, the 
central requirement of which is asso- 
ciating a meaningful word to the stimu- 
lus as rapidly as possible. Much cog- 
nitive activity occurs in this process, 
and there is no way of telling which 
part of it is D and which F. The re- 
quired movement of the right hand has 
been appended arbitrarily by the ex- 
perimenter to the central need for a 
word association; i.e., the structure of 
the situation demands intrinsically a 
verbal response. The motor activity 
requested is essentially ancillary. That 
it is an arbitrary appendage to the cen- 
tral structure of the task can be seen if 
it is recognized that it can just as easily 
be included in a host of other situations. 
This makes Luria’s findings all the more 
interesting, since, despite the lack of 
inherent relationships of the movements 
to the task, psychic conflict is still re- 
flected in D activity. 

The same critique can be applied to 
a recent series of rather ingenious ex- 
periments by Malmo et al., only two 
of which will be discussed here (11, 
12). In one experiment (11), these in- 
vestigators utilized the Luria technique 


with electronic measurement, with four 
groups of subjects: controls, psycho- 
neurotics, acute psychotics, and chronic 
schizophrenics. The degree of motor 
disorganization found in the various 
groups is just what might have been 
expected on the basis of clinical experi- 
ence. The chronic schizophrenics were 
most disorganized, the acute psychotics 
were next, the psychoneurotics next, 
and the controls were significantly dif- 
ferent from all other groups. At the 
same time, there were no significant dif- 
ferences between the controls, psycho- 
neurotics, and acute psychotics in pro- 
ductivity, as measured by the number 
of accurate discriminations of sizes of 
circles. Only the chronic schizophren- 
ics were significantly different from the 
rest of the subjects in this respect, 
probably as a result of inadequate at- 
tention. 

In another experiment by these in- 
vestigators (12), the question of the 
relevance of the activity measured to 
the task requirements is raised even 
more acutely. With the same groups 
of subjects, they measured the changes 
in muscle action potentials in the right 
arm and neck in response to various 
intensities of heat stimulation to the 
forehead. The subjects were instructed 
to press down on a key as soon as they 
felt that the stimulus was about to be- 
come painful. It should be apparent 
that this situation allows for no objec- 
tive specification of the task require- 
ments. Many different kinds of evalua- 
tions of the situation by the subject are 
plausible, and these might well influ- 
ence the nature of their responses- 
Nevertheless, the results are of interest 
here because they suggest the need for 
inclusion of some measure of produc- 
tivity in the quantification of efficiency 
in the context of this discussion. If we 
assume, for the sake of further evalua- 
tion, that right-hand tension in this ex- 
periment represents F activity and that 


R 


5 


EFFICIENCY IN PSYCHOLOGICAL HEALTH AND PSYCHOPATHOLOGY 73 


neck tension represents D activity, the 
findings show no difference in efficiency 
between chronic schizophrenics and con- 
trols. This is obviously a function of 
the fact that the former showed very 
little change in muscle tension any- 
wheré; i.e., the chronic schizophrenics 
were simply unreactive to the stimula- 
tion. Qualitatively, this might be said 
to be inappropriate behavior. Never- 
theless, if the assumptions concerning 
D and F activity in this experiment 
are tenable, the proposed quantification 
would break down in relation to a con- 
tinuum of psychopathology if Malmo’s 
findings concerning chronic schizophren- 
Ics are confirmed. By taking into ac- 
count the productivity (P) of the in- 
dividual, how he actually affects his 
environment, this situation can be 
remedied. It is known, as is shown in 
the first experiment cited (11), that 
chronic schizophrenics are underproduc- 
tive, Thus, when they are not reactive, 
their failure to produce, if used as a 
multiplicative factor, would produce a 
low efficiency (E) rating. Thus, a gen- 
eral equation for efficiency in motor ac- 
tivity might be written: EZ = f(F/D, 
Of course, the specification of the 
€xact nature of the function must await 
empirical findings from experiments ori- 
ented to this problem. In view of the 
Previous results, it seems likely that 
Such an equation would reflect degrees 
of psychopathology in experiments ori- 
ented to this problem. 
_A final comment about the possibili- 
ties of measuring ostensive D and F 
activity in clearly defined situations 
Seems necessary in view of the above 
Criticism of previous experiments. What 
1S required is that the activity be an 
intrinsic aspect of the total structure of 
the task. In addition, unless D and F 
activity can be clearly defined in the 
uae ‘Situation, complex cognitive 
a Wwity will have to be circumvented, 
least in Psychomotor experiments; 


for it is entirely unclear which motor 
behavior is relevant to which cognitive 
operation. These prerequisites to the 
measurement of psychomotor or psy- 
chophysiological efficiency may be met 
by utilizing relatively simple situations, 
such as simple reaction time. They can 
also be met in more complex situations 
by appropriate analysis and measure- 
ment, as is seen in an old experiment 
by Morgan (13). He was interested in 
the effect of noise on the work output 
of typists. The subjects were required 
to decode a letter which the experi- 
menter showed them and press the ap- 
propriate key on a keyboard. Measure- 
ment was made of the pressure on the 
key, as well as of total work output 
under quiet and noisy conditions. The 
results are interesting and point up the 
previous analysis of the difficulty of 
specifying the F activity in Luria’s ex- 
periments. The effect of noise on work 
output was insignificant. As a matter 
of fact, after an initial decrease, output 
increased slightly as adaptation oc- 
curred. At the same time, there was an 
increase in pressure exerted on the keys 
under conditions of noise. This result 
also points up the probable need for 
the inclusion of a productivity measure 
in the rating of efficiency. For if in- 
crease in pressure were relatively uni- 
form among the subjects, then it would 
still be possible to rate them as to their 
productivity, which would certainly re- 
flect, all other things being equal, the 
efficiency with which they adapted to 
the noise situation. 

To summarize this section, it has 
been proposed that psychological health 
and psychopathology be conceived as 
a continuum and defined in terms of 
the efficiency with which environmental 
requirements are met. It was pointed 
out that for the present this definition 
can be useful only in a relatively nar- 
row laboratory situation because of the 
difficultiés involved in the specification 
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of objective requirements in the social 
sphere. Consideration of several ex- 
periments indicated that efficiency is a 
function of the ratio of focused to dif- 
fuse activity and of productivity, and 
that this is related to degree of psycho- 
pathology. 

Thus far we have dealt with rela- 
tively simple psychomotor experiments. 
Attention will now be focused on eff- 
ciency in other laboratory situations. 


EFFICIENCY IN LEARNING AS RELATED 
TO PSYCHOPATHOLOGY 


Whatever may be the validity of effi- 
ciency in psychomotor activity as an 
index of psychopathology, it is, at best, 
a superficial descriptive parameter, an- 
other method of measurement. If the 
present proposal is to have any general 
significance, it will be necessary to ex- 
plore its applicability to some of the 
more crucial fields of modern psychol- 
ogy. For psychopathology, these in- 
clude, at least, learning and motivation, 
which will occupy our attention in this 
and the following section. 

_The relationship of anxiety and con- 
ditioning has occupied the attention of 
numerous investigators recently. It ap- 
pears to be a most stable finding that 
in a classical conditioning situation the 
rate of conditioning is greater in anxious 
than in nonanxious individuals (3, 15 
16, 17, 18, 21, 22). The opposite find. 
ings are reported in serial learning (7, 
8, 19), but apparently the nature of the 
task is an important variable which can 
affect the results markedly (14). The 
measures of anxiety differ from study 
to study, and it is still an open question 
whether the same independent variable 
is being used in each case, as Child (5) 
has pointed out. On the other hand, it 
is j.obable that the rate of conditioning 
in a classical situation is related to de- 
gree of psychopathology. Welch and 
Kubis (21, 22) found a significant dif- 
ference between anxiety patients and 


normals in rate of conditioning of the 
galvanic skin response (GSR). Spence 
and Taylor (17) found a significant 
difference between psychotics and neu- 
rotics or normals in percentage of con- 
ditioned eyeblink responses. They re- 
port no significant difference between 
neurotics and normals. It is thus 
questionable whether anxiety, clinically 
identified, is a necessary condition for 
the reported phenomena in this area, 
for it is by no means clear that psy- 
chotics are always characterized by 
anxiety. Spence and Taylor do not 
state the clinical characteristics of their 
group. It must be noted, however, that, 
in the clinical situation, psychosis is 
often regarded as a retreat from realistic 
problems that give rise to anxiety.” 

If these data are to be analyzed in 
terms of the degree of efficiency shown 
by the subjects, a thorough examination 
of the task requirements must be made. 
For this purpose the experiment by 
Welch and Kubis (22) is particularly 
well suited. They utilized two groups 
of subjects, 22 normals and 24 patients 
who presented a clinical picture of anx- 
iety. They conditioned the galvanic 
skin response to the syllable “kax” 
which was one of 54 nonsense syllables 
presented to the subjects in random 
order. The unconditioned stimulus was 
a buzzer which was sounded on alter- 
nate presentations of “kax.” The re- 
sults showed that the anxiety patients 
conditioned about three times as quickly 
as the normals and extinguished about 
twice as slowly; i.e., the anxiety pa 
tients took one-third as many trials tO 
condition as the normals and twice a5 
many trials as the-normals to extin- 

*The writer is aware of the many other 
studies in this area. Many of them have been 
reviewed by Child (5). They are not cited 
here specifically because: (a) of the need for 
economy of space; (b) they are not centrally 


germane; and (c) the method of analysis pro- 


posed would be essentially the same as in the 
studies cited. 
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guish. Superficial consideration of these 
results would seem to indicate that the 
anxiety patients met the requirements 
of the situation more efficiently than 
the normals. However, closer examina- 
tion of the instructions to the subjects 
casts considerable doubt on such a con- 
clusion. The subjects were told that it 
was a test of their sweating activity, 
that the experimenter wanted them to 
relax as much as possible, and that in 
order to help them to relax and keep 
their minds off extraneous matters, they 
would be shown a group of nonsense 
syllables which they were to read aloud. 
It is true that the experimenters wanted 
to force the subjects to make an arbi- 
trary * association between two events 
Contiguous in time: the nonsense syl- 
lable “kax” and the buzzer. But the 
Subjects were not told this, and it is not 
Stated that any of them discovered it. 

OW, if we assume that the two groups 
Were equally motivated to cooperate 
with the experimenter, it becomes ap- 
Parent that the normals fulfilled the re- 
quirements of the task, as, presumably, 
they saw them most efficiently. For 
them, the buzzer was extraneous stimu- 
ation which, according to the experi- 
menter’s instructions, they were sup- 
Posed to ignore. 

The fact that the normals eventually 
Were also conditioned gives rise to some 
interesting speculation. Is it possible 
that the normals were conditioned only 
after they became bored with the task, 
or sufficiently disturbed by the re- 
Peated soundings of the buzzer? Such 
a Possibility should be given serious 
Consideration. It seems reasonable to 
Suppose that the anxiety patients were 
ee in a more diffuse state, less 
that to concentrate. The assumption 
Mae ìn such a state, an individual is 

€ prone to make arbitrary associa- 


BVA 
Arbitrary because there is no inherent or 


logi 
Bical connection between “kax”? and the 
UzZzer, 


tions between events contiguous in time 
and space is tenable on the basis of the 
experimental data available. The nor- 
mals condition too, when the monotony 
of the task disturbs their integrated 
functioning sufficiently to make them 
“victims” of contiguity, arbitrarily ar- 
ranged by the experimenter. Some of 
the data of Taylor (18) and Spence 
and Taylor (16) appear to support this 
notion. They have plotted the mean 
number of conditioned eyeblink re- 
sponses of their anxious and nonanxious 
subjects as a function of succeeding 
blocks of 10 trials. Taylor’s curves 
show that the nonanxious subjects give 
practically no CR’s for the first 20 
trials, and only after 60 trials does the 
slope of the nonanxious curve begin to 
approximate the slope of the anxious 
curve. The Spence and Taylor curves 
are similar although not quite so spec- 
tacular. 

There is, of course, a substantial psy- 
chological difference between being an 
unwitting “victim” of contiguity and 
learning by contiguity, which is often 
a task requirement, as in serial learning. 
There is a difference between memoriz- 
ing something, even a list of nonsense 
syllables, for some purpose, as against 
making spontaneous, arbitrary associa- 
tions between contiguous events which 
have no inherent connection with each 
other. The latter is reminiscent of 
the conditioning apparently involved in 
phobia formation. 

The question arises whether the task 
requirements in the Welch and Kubis 
experiment could be changed by a 
change in the instructions, and so effect 
a reversal of the results. If the sub- 
jects were instructed that the situation 
contains a problem of contiguity, such 
a reversal might well be brought ak--st, 
In other words, it would be predicted, 
on the basis of the present analysis, that 
the normals would “solve” the problem 
sooner, and it covld be expected that 
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this would be reflected in more rapid 
GSR “conditioning.” Under these con- 
ditions, of course, the experiment is no 
longer of the classical type. It might 
be characterized more accurately as a 
problem-solving situation.* 

In sum, then, it has been proposed 
that efficiency in learning can be meas- 
ured if the task requirements can be 
specified. Efficiency in learning is char- 
acterized by a tendency to seek for 
orderly relationships (except when the 
subject is instructed otherwise), and to 
resist arbitrary associations. These can 
be induced most easily when the or- 
ganism is in a diffuse state, either be- 
cause of the existence of some degree of 
psychopathology, or because of the in- 
herent senselessness of the task. 


Erricrency IN Mortvation: Task 
ORIENTATION AND INTERPER- 
SONAL COOPERATIVENESS 


The purpose of this section is to ad- 
umbrate possible developments in this 
area, rather than attempt to deal ex- 
haustively with it. Utilizing the con- 
cept of efficiency as defined above, the 
initial approach must be toward a 
specification of environmental require- 
ments. Aside from the so-called pri- 
mary drives, however, such specifica- 
tion for the field of motivation consti- 
tutes a gigantic problem beyond the 
scope of this paper. Nevertheless, at 
least two very general requirements can 
be assumed, although they do not ex- 
haust the possibilities by any means. 
As Wertheimer (23) and Asch (2) have 
pointed out, social existence and crea- 
tive achievement require a certain de- 
gree of interpersonal cooperativeness 
and task involvement respectively. Such 
assumptions may run counter to what 
Acct. has labelled the “ ‘private profit’ 
theory of society,” but they seem en- 

“In this connection, see Asch’s analysis of 


Watson and Raynor’s experiment on condi- 
tioned fear in infants (2, pp. 99-101), 


tirely tenable, indeed necessary, in view 
of the facts of social life and the phe- 
nomenology of productive thinking. 

Granted these general environmental 
requirements, what are the implications 
for experimental work in psychopathol- 
ogy? The proposed concept of effi- 
ciency would necessitate the examina- 
tion or control of the subjects’ motives 
with respect to these requirements. 
The degree of concordance of the mo- 
tives with the task requirements would 
presumably determine the efficiency of 
the relevant behavior. Unfortunately, 
published experimental data centered on 
this problem are unavailable. The gen- 
eral findings that ego involvement often 
increases productivity are not central 
here because they are based on faulty 
analyses in at least two respects: (a) 
ego involvement is generally defined in 
terms of interest in the task; task-ori- 
enting instructions seem designed to de- 
crease interest. In such cases, it can- 
not be assumed that the motivation of 
the “ego-involved” subjects is egocen- 
tric. (b) Even when the instructions 
do not contain this defect, the tasks 
themselves are not constructed so that 
they form inherently organized wholes. 
When the tasks involved are sensible 
and have objective internal organiza- 
tion, we should expect ego-oriented in- 
dividuals, since they are more diffuse 
with respect to the general requirement 
of task orientation, to behave more 
diffusely and therefore to perform more 
Poorly than task-oriented individuals- 
When the tasks have an arbitrary 
character, as in classical conditioning; 
ego-oriented individuals should perform 
“better.” In the latier case, the better 
performance is actually the more in- 
efficient in relation to the task require- 
ments. 

An unpublished experiment by Birch * 
appears to provide an ingenious circum- 


5 Birch, H. Personal communication, 1953- 
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vention of the difficulties outlined above. 
Three different groups of subjects were 
asked to solve Wertheimer’s 9-dot prob- 
lem. The actual experimenter was one 
of Birch’s students. One group (A) 
was told that the test measures capacity 
for graduate work, and that depart- 
mental recommendations would be based 
on the results. In another group (B) 
this test orientation was hinted at, but 
Cooperation with the experimenter was 
emphasized. The third group (C) was 
told that the experimenter was getting 
the data for his professor, who was a 
horrible taskmaster; the entire em- 
Phasis was on requesting the subject to 
do his best fof the sake of the unfor- 
tunate student experimenter. This last 
type of instruction should result in 
Maintaining the subjects’ interest, but 
on a cooperative, rather than egocen- 
tric or competitive level. The results 
show no significant differences between 
the groups in number of solutions 
achieved. However, systematic differ- 
ences were found in the number of 
times subjects drew lines to extend be- 
yond the boundaries set by the dots. 
The groups ranked in the order CBA 
from most to least. Since going beyond 
the boundaries set by the dots is the 
‘st prerequisite for a solution, it may 
g that such a measure is a more accu- 
rate indication of the degree of meeting 
ask requirements than actual solution. 
ve latter measure may be confounded 
E other variables, e.g., ability in spa- 
perception, specific experience, etc.° 

‘a linical observation also indicates the 
€vance of evaluation of a patient’s 
Motivational structure with respect to 
€ assumed environmental requirements 


6 
ae ous both the independent and de- 
ounded Variables may be somewhat con- 
latter w; here: the former with anxiety, the 
a gath the same factors which are thought 
rope ey number of solutions as an ap- 
experime, Measure. The evidence from this 
caution ent must therefore be evaluated with 


of cooperation and task-oriented inter- 
est in his surroundings. Perhaps the 
most common characteristic of schizo- 
phrenics is withdrawal from social re- 
lationships. Thus, schizophrenia repre- 
sents a high degree of psychopathology. 
Schizophrenics are oriented away from 
all social requirements. Many psycho- 
neurotics are characterized by hostile 
competitiveness. Therefore, this is a 
milder degree of psychopathology, since 
social relationships are at least consid- 
ered, but they are not dealt with effi- 
ciently. 

A rather incisive analysis of the ef- 
fects of egocentricity on the perception 
of a social situation was made by Wert- 
heimer (23, ch. 4). In the same place, 
Wertheimer also tells of the positive ef- 
fects of changing a competitive rela- 
tionship into a cooperative one in the 
case of a game of badminton. Wert- 
heimer’s materials suggest many experi- 
mental hypotheses in this field, but 
controlled studies are disappointingly 
scarce. 

To summarize this section, neces- 
sarily sketchy because of the scarcity 
of controlled experimentation, it is pro- 
posed that the concept of efficiency can 
be utilized in the area of motivation. 
On the assumption that cooperativeness 
and task involvement are general en- 
vironmental requirements, it is pre- 
dicted that inefficient behavior would 
be a function of the degree of incon- 
gruity of an individual’s motives with 
respect to these requirements. It should 
be clear that congruity and incongruity 
as descriptive of motivation are parallel 
to focused and diffuse in descriptions of 
motor activity. Thus, the concept of 
efficiency is held constant across all the 
areas discussed to this point. 


EFFICIENCY AS A CENTRAL 
Eco FUNCTION 


Within the framework of general per- 
sonality theory, efficiency may be re- 
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garded as reflecting a central ego func- 
tion. In the simplest terms, ego is here 
understood as having to do with the di- 
rection of the organism in its interac- 
tion with the environment.’ Efficiency, 
then, is not a trait in the sense of per- 
manence. Nor is it part of tempera- 
ment or character, as these terms are 
commonly understood. Rather, the de- 
gree of efficiency of behavior reflects 
the degree with which the ego manages 
to focus the organism’s attention and 
action on the task requirements. Effi- 
ciency, therefore, should be affected by 
various environmental changes, as has 
been indicated above. 


Dors Erriciency IN MEETING Task 
REQUIREMENTS IMPLY EQUATING 
PSYCHOLOGICAL HEALTH WITH 
SocIraLr CONFORMITY? 


While possible application of the con- 
cept of efficiency to everyday situations 
is beyond the scope of this paper, the 
question above intrudes itself rather in- 
sistently because of the superficial simi- 
larity between “meeting task require- 
ments” and conformity to majority 
opinion or behavior. In fact, however, 
they have little in common. A task re- 
quirement involves an objective descrip- 
tion of the structure of a situation, and 
what is demanded by it, in terms of 
a total gestalt. Majority opinion and 
other social forces may be significant 
aspects of the situation, but are not nec- 
essarily all of it. Indeed, efficient be- 
havior may consist in going counter to 
the majority. 

Many examples of this could be 
culled from everyday life situations. A 
pertinent experimental illustration is 
provided by Asch (2, ch. 16) in his 
work on group pressure. A naive sub- 
ject is introduced into a group of the ex- 


T For a more complete discussion of the na- 
ture and need for a concept of the ego, see 
(2, ch. 10). 
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perimenter’s confederates. The subjects 
are presented with a group of three 
lines and with a standard. Their task 
is to report which one of the three is 
equal in length to the standard. Under 
control conditions, this can be done 
with almost perfect accuracy. In the 
experimental condition, where the con- 
federates speak first, 20 to 30 per cent 
of the responses conform to the ma- 
jority when the latter is instructed to 
pick the wrong line. How is this be- 
havior to be evaluated? Clearly, it is 
inefficient with respect to the instruc- 
tions given by the experimenter. The 
yielding subjects: have allowed other 
factors to affect their reports. Efficient 
behavior in this case consists in focus- 
ing on the requirement to give the cor- 
rect response rather than on majority 
opinion. In relation to psychological 
health, a subject is healthy in this case 
to the degree that he resists social pres- 
sure. In other situations, of course, 
overt conformity to majority opinio? 
may be necessary, but these need not 
be gone into here. In any case, it 
should be clear that efficiency in meet- 
ing task requirements and sheer con- 
formity, or passive adjustment, are not 
the same thing. 


SUMMARY 


The main purpose of this paper was 
to outline a descriptive conception of 
psychological health and psychopathol- 
ogy, conceived as a continuum. It was 
proposed that this continuum be de- 
fined in terms of the comparative effi- 
ciency in meeting task requirements: 
Analysis indicated that efficiency is 2 
meaningful parameter only when task 
requirements can be specified objec- 


8 Of course, this may not be true in any m 
dividual case, The motivation for remaining 
independent may be egocentric; contrariwis® 
yielding may be based on too subtle ® 
evaluation of the situation, rather than a 
egocentric motives, Nevertheless, one wou! 


expect the relationship to hold generally- 
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tively. When this can be done, it is 
hypothesized that efficiency (E) is a 
function of the ratio of focused (F) to 
diffuse (D) activity, and of productivity 
(P), or performance: E = f(F/D, P). 
F activity is defined as activity directly 
relevant to the task requirements; D 
activity is that which is irrelevant to 
the task requirements. 

The concept of efficiency was then 
utilized in an analysis of some of the 
data on conditioning under anxiety. It 
was pointed out that the data in this 
area do not appear to be specific to 
anxiety, Rather, increased rates of con- 
ditioning are found with increasing de- 
grees of psychopathology, or diffusion. 
Classical conditioning was then ana- 
lyzed as a situation requiring arbitrary 
associations, and it was assumed on the 
basis of existing data that such associa- 
tions are facilitated in diffuse states. 
r he more rapid conditioning of patho- 
Ogical groups in such conditions was 
Seen as actually inefficient behavior. It 
Was pointed out that the results in in- 
trinsically organized tasks showed nor- 
mals to be more efficient. 

An attempt was also made to analyze 
Some aspects of motivation from the 
Point of view of efficiency. It was hy- 
Pothesized that egocentric motivation 
: = inefficient because of the general 
Se ronmental requirements for task 
A rion and cooperation. Thus, ego- 

ric motivation would lead to poor 
Recommance in sensible tasks, as de- 
ned above. 
any was conceptualized as a 

ral ego process, subject to change 
oe situational factors. It was 
ethic: that it was not synonymous with 
ea rmity, At the same time, no gen- 
ions o Pication to everyday life situa- 

s ae attempted, except to indicate 
a wisi present proposal did not appear 
ct ate current inferences from clini- 

observation, 
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k From the viewpoint of one interested 
m constructing a learning theory, it 
would be convenient if an organism’s 
habits of responding with respect to 
any given situation were modifiable 
only during periods of exposure to the 
Situation. In that case, it would not 
e unreasonable, prima facie, to hope 
that all of the empirical laws of learn- 
mg could be stated in terms of rela- 
tions between behavioral and environ- 
mental variables. Nothing in psychol- 
°gy is much more certain, however, 
than that orderly changes in response 
tendencies—e.g., spontaneous recovery, 
forgetting—do occur during intervals 
When the organism and the situation 
are well separated. 

Ow are these “spontaneous” changes 
© be accounted for? It is easy enough 
to Construct a law expressing some be- 
avioral measure as a function of time, 
act an unfilled temporal interval never 
g mains permanently satisfying as an 
Xplanatory variable. The temporal 
EA has to be filled with events of some 
aka Observed or inferred, in the envi- 
Code or in the organism. The fa- 
siia € candidate for the intervening po- 
eee has usually been a postulated 

€ or process, either neural or purely 
Ypothetical, which varies spontane- 


1 . 
one his paper was prepared during the au- 
the Š tenure as a faculty research fellow of 
ocial Science Research Council. 
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ously during rest intervals in whatever 
manner is required to account for the 
behavioral changes. The difficulty with 
this type of construct is that it is al- 
ways much easier to postulate than to 
unpostulate. Few hypothetical entities N 
are so ill-favored that once having se- 
cured a foothold they cannot face out N$ 
each new turn of empirical events with * 
the aid of a few ad hoc assumptions. e 

The approach to time-dependent learn- S 
ing phenomena which will be illustrated <$ 
in this paper attempts to shift the bur- 
den of explanation from hypothesized 
processes in the organism to statistical 
properties of environmental events. The 
very extensiveness of the array of hy- O 
pothetical constructs—e.g., set, reactive 
inhibition, memory trace—which now Ñ 
compete for attention in this area sug- A 
gests that postulates of this type have 
entered the scene prematurely. Until 
more parsimonious explanatory vari- 
ables have been fully explored, it will 
scarcely be possible either to define 
clearly the class of problems which re- 
quire explanation om to evaluate the 
various special hypotheses that have 
been proposed. 

By “more parsimonious” sources of 
explanation, I refer to the variables, 
ordinarily stimulus variables, which are 
intrinsic to a given type of behavioral 
situation and thus must be expected to 
play a role in any: interpretive schema. 
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In the present instance we are inter- 
ested specifically in the way learned 
response tendencies change during rest 
intervals following experimental peri- 
ods. And we note that there are two 
principal ways in which stimulus vari- 
ables could lead to modification in re- 


sponse tendencies during rest intervals. 
The first is the direct effect that changes 
in the stimulus characteristics of ex- 
perimental situations from trial to trial 
or period to period may have upon re- 
sponse probability. The second is the 
learning that may occur between peri- 
„ods if the stimulating situations obtain- 
“ ing within and between periods have 
elements in common. The former cate- 
gory can again be subdivided according 
as the environmental variation is sys- 
tematic or random. 
The random component has been se- 
_ lected as our first subject of investiga- 
tion for several reasons. One is that it 
has received little attention heretofore 
gin learning theory. Another is that in 
other sciences apparently spontaneous 
changes in observables have frequently 
turned out to be attributable to random 
processes at a more molecular level. 
| Perhaps not surprisingly, considerable 
analysis has been needed in order to 
ascertain how random environmental 
fluctuations during intervals of rest 
< following learning periods would be ex- 
pected to influence response probabili- 
ties. It will require the remainder of 
this paper to summarize the methods 
and results of this one phase of the 
over-all investigation. 


GENERAL THEORY oF STIMULUS 
FLUCTUATION 


Even prior to a detailed analysis, we 
can anticipate that whenever environ- 
mental fluctuation occurs, the prob- 
ability of a Tesponse at the end of one 
experimental period will not be the 
same as the probability at the begin- 
ning of the next. «If conditioning is 
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carried out during a given period, some 
of the newly conditioned stimulus ele- 
ments * will be replaced before the next 
period by elements which have not 
previously been available for condition- 
ing. Similarly, during the interval fol- 
lowing an extinction period, random 
fluctuation will lead to the replacement 
of some of the just extinguished stimu- 
lus elements by others which were sam- 
pled during conditioning but have not 
been available during extinction. In 
either case, the result will be a pro- 
gressive change in response probability 
as a function of duration of the rest 
interval. 

In order to make these ideas testable, 
we must state more formally and ex- 
plicitly the concepts and assumptions 
involved. Once this is done, we will 
have in effect a fragmentary theory, OY 
model, which may account for certain 
apparently spontaneous changes in re 
sponse tendencies. At a minimum, this 
formal model will enable us to derive 
the logical consequences of the concept 
of random environmental fluctuation s0 
that they may be tested against experi- 
mental data. If the correspondence 
turns out to be good, we may wish to 
incorporate this model into the concep- 
tual structure of S-R learning theory, 
viewing it as a limited theory which ac- 
counts for a specific class of time-de- 
pendent phenomena. 

Most of the assumptions we shall re- 
quire have been discussed elsewhere 
(8) and need only be restated briefly 
for our present purposes. 

a. Any environmental situation, 45 
constituted at a given time, determines 
for a given organism a population © 


?For reasons of mathematical simplicity 
and convenience I shall develop these ideas 
in terms of the concepts of statistical ber 
ing theory. It will be apparent, honar 
that within the Hullian system a sim z 
argument could be worked out in Be 
the fluctuation of stimuli along generalizatl 
continua. 
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stimulus events from which a sample 
affects the organism’s behavior at any 
Instant; in statistical learning theories 
the population is conceptualized as a 
set of stimulus elements from which a 
random sample is drawn on each trial. 

b. €onditioning and extinction occur 
only with respect to the elements sam- 
pled on a trial. 

c. The behaviors available to an or- 
ganism in a given situation may be 
categorized into mutually exclusive and 
exhaustive response classes. 

d. At any time, each stimulus ele- 
ment in the population is conditioned 
to exactly one of these response classes. 

On the bafis of these assumptions, 
functions have been derived by various 
investigators (2, 5, 8, 16, 21) to de- 
scribe the course of learning predicted 
for an idealized situation in which the 
physical environment is perfectly con- 
Stant and the organism samples the 
Stimulus population on each trial. No 
idealized situations are available for 
testing purposes, but the theory seems 
to give good approximations to em- 
Pitical learning functions obtained in 
short experimental periods under well- 
controlled conditions. 

In the present paper we turn our at- 
tention from behavioral changes that 
Occur within experimental periods to 
the changes that occur as a function of 
the intervals between periods. Corre- 
Spondingly, we replace the simplifying 
assumption of a perfectly constant 
Situation with the assumption of a ran- 

omly fluctuating situation.’ Specifi- 
cally, it will be assumed that the avail- 
ability of stimulus elements during a 
8iven learning period? depends upon a 
atge number of indeperidently variable 


co. i 
™Mponents or aspects of the environ- 
at: 

mea 1s possible now to go back and “cor- 

for uhe functions derived earlier to allow 
1s random variation, but we will not 


e z z EE 
eee to go into this point in the present 


mental situation, all of which undergo 
constant random fluctuation. 

Now let us consider the type of ex- 
periment in which an organism is run 
for more than one period in the same 
apparatus. In dealing with the behav- 
ior that occurs during any given experi- 
mental period, the total population Sx 
of stimulus elements available in the 
situation at any time during the ex- 
periment can be partitioned into two 
portions: the subset S of elements 
which are available during that period 
and the subset S’ of elements which 
are not. Under the conditions consid- 
ered in this paper, the probability of a 
response at any given time during the 
period is equal to the proportion of ele- 
ments in the available set S that are 
conditioned to that response. Owing to 
environmental fluctuation, there is some 
probability j that an element in the 
available set S will become unavailable, 
ie. go into S’, during any given in- 
terval Aż, and a probability j’ that an 
element in S’ will enter S. These ideas 
are illustrated in Fig. 1 for a hypotheti- 
cal situation. 
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Fic. 1. Fluctuations in stimulus setsedrx- 
ing spontaneous regression (upper panel) and 
spontaneous recovery from extinction (lower 
panel). Circles represent elements connected 
to response A. Values of p represent prob- 
abilities of.response Æ in the available set S. 
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The relevance of the scheme for 
learning phenomena arises from the 
fact that both conditioned and uncon- 
ditioned elements will constantly be 
fluctuating in and out of the available 
set S. During an experimental period 
in which conditioning or extinction oc- 
curs, the proportion of conditioned ele- 
ments in § will increase or decrease 
relative to the proportion in S’. But 
during a subsequent rest interval, these 
proportions will tend toward equality as 
a result of the fluctuation process. 


INTERPRETATION OF SPONTANEOUS 
RECOVERY AND REGRESSION * 


The essentials of our treatment of 
spontaneous recovery and regression 
will be clear from an inspection of 
Fig. 1. The upper panel illustrates a 
case in which, starting from a zero 
level, conditioning of a given response 
A is carried out during one period until 
the probability of A in the available 
Situation represented by the set S is 
unity. At the end of the conditioning 
period we will have, neglecting any 
fluctuation that may have occurred 
during the period, all of the elements 
in S conditioned to A and all of the 
temporarily unavailable elements in S’ 
unconditioned. During the first inter- 
val Aż of the ensuing rest interval, the 
proportion j=.6 of the conditioned 
elements will escape from S, being re- 
placed by the proportion j’ = .2 of the 
unconditioned elements from S’. Dur- 
ing further intervals the interchange 
will continue, at a progressively de- 
creasing rate, until the system arrives 
at the final state of statistical equilib- 


4The term spontaneous regression will be 
used here to refer to any decrease in response 
Probability which is attributable solely to 
sarsilus fluctuation. It is assumed that over 
short time intervals, the empirical phenome- 
non of forgetting may be virtually identified 
with regression, but that over longer intervals 
forgetting is influenced to an increasing extent 
by effects of interpolated learning. 
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rium in which the densities of condi- 
tioned elements in S and S’ are equal. 
The predicted course of spontaneous 
regression in terms of the proportion 
of conditioned elements that will be in 
S at any time following the condition- 
ing period is given by the tcpmost 
curve in the upper panel of Fig. 2. 
The equation of the curve will be de- 
rived in a later section. 

In an analogous fashion the essentials 
of the spontaneous recovery process are 
schematized in the lower panel of Fig. 
1. We begin at the left with a situa- 
tion following maximal conditioning so 
that all elements are conditioned to re- 
sponse A. During a single period of 
extinction, all elements in the available 
set S are conditioned to the class of 
competing responses A and the prob- 
ability of A goes temporarily to zero. 
Then during a recovery interval, the 
random interchange of conditioned and 
unconditioned elements between S and 
S’ results in a gradual increase in the 
proportion of conditioned elements in 
S until the final equilibrium state is 
reached. The predicted course of spon- 
taneous recovery as a function of time 
is given by the topmost curve in the 
lower panel of Fig. 3. 

According to this analysis, spontane- 
ous regression and recovery are to be 
regarded as two aspects of the same 
process. In each case the form of the 
Process is given by a negatively ac- 
celerated curve with the relative rate © 
change depending solely upon the char- 
acteristics of the physical situation e™ 
bodied in the parameters j and j’. Rates 
of regression and recovery should, then, 
vary together whenever the variability 
of the stimulating situation is modified. 

It cannot be assumed, however, tha! 
amounts of regression and recovery 
should be equal and opposite in all e* 
periments. The illustrative example a 
Fig. 1 meets two special conditions iias 
do not always hold: (a) the conditio" 
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pit)= plo) (25+ (,75).2) 


plo) = .67 


p(t)= plo)+ (1-p(o)) (.25 +(.75).2¢) 


9 1 2, 3 4 5 


Fic, 2. Families of spontaneous regression 
curves, In the upper panel the proportion of 
Conditioned elements in S’ at the end of con- 

itioning is zero and the proportion in S is 
the Parameter. In the lower panel the pro- 
Portion of conditioned elements in S at the 
ae of conditioning is unity and the propor- 
lon in S’ is the parameter. 


ing and extinction series start from 
Mmitial response probabilities of zero 
and unity, respectively; and (b) con- 
ditioning and extinction are carried to 
Comparable criteria within the experi- 


Mental period preceding the rest in- 
terval, 


PREDICTIONS CONCERNING EFFECTS 
OF EXPERIMENTAL VARIABLES 


ti Ter minal level of conditioning or ex- 
fey If other conditions remain 
at ed, the level of response probability 
tained at the end. ofa single learning 
ane will determine both the initial 
aue and the asymptote of the curve 
situate ee or recovery. For the 
Ban represented by the upper 
ing of Fig. 1, the curve of condition- 
cores to unity, and the predicted 

urse of spontaneous regression is 


given by the top curve in the upper 
panel of Fig. 2. If in the same situa- 
tion, conditioning has been carried only 
to a probability level of, say, .67, then 
the total number of conditioned ele- 
ments will be smaller and the curve of 
regression will not only start at a lower 
value, but will run to a lower asymp- 
tote, and so on. Similarly, if in the 
situation represented by the lower panel 
of Fig. 1, response probability goes to 
zero during the extinction period, the 
predicted course of spontaneous re- 
covery is given by the lowest curve in 
the upper panel of Fig. 3; if extinction 
terminates at higher probability levels, 
we obtain the successively higher re- 
covery curves shown in the figure. 
Number of preceding learning peri- 
ods. Increasing the number of preced- 
ing acquisition periods would tend to 
increase the total number of condi- 


1.00 


-80 


pi(o)=1 


p'(o) =.67 


P'o) =.33 
p(t) = .75 pi(o) (I—.2") 


0 ! 2 3 4 3 
t 

Fic. 3. Families of spontaneous recovery 
curves. In the upper panel the proportion of 
conditioned elements in S’ at the end of ex- 
tinction is unity and the proportion of “toii 
ditioned elements in S at the end of extinc- 
tion is the parameter. In the lower panel, 
the proportion of conditioned elements in S’ 
at the end of extinction is the parameter and 

the proportion in S is zero, 
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tioned elements in S, and therefore the 
asymptote of the curve of regression. 
If level of response probability at the 
end of the last acquisition period is 
fixed at some one value, say unity, then 
variation in the proportion of condi- 
tioned elements in S’ yields the family 
of regression curves illustrated in the 
lower panel of Fig. 2, all curves start- 
ing at the same point but diverging to 
different asymptotes. This curve family 
will be recognized as corresponding to 
the well-known relationship between re- 
tention and amount of overlearning, 
where overlearning is defined in terms 
of additional training beyond the point 
at which response probability in the 
temporarily available situation reaches 
unity. 

Analogous considerations apply in the 
case of spontaneous recovery. Increas- 
ing the number of preceding extinction 
periods would tend to decrease the pro- 
portion of conditioned elements remain- 
ing in S’ at the end of extinction and 
thus the asymptote of the curve of 
spontaneous recovery, as illustrated in 
the lower panel of Fig. 3. On the other 
hand, increasing the number of con- 
ditioning periods prior to extinction 
would tend to increase the density of 
conditioned elements in S’ and thus the 
asymptote of the curve of recovery fol- 
lowing a period of extinction. 

The experimental phenomenon of 
“extinction below zero” corresponds to 
a case in which additional extinction 
trials are given beyond the point at 
which temporary response probability 
first reaches zero. The results of this 
procedure will clearly depend upon the 
conditioning history. Consider, for ex- 
ample, the situation illustrated in the 
top row of Fig. 1. If extinction were 
tegun immediately following the condi- 
tioning period, then we would expect 
extinction below zero to have little ef- 
fect, for at the end of the first extinc- 
tion period the set S would be ex- 
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hausted of conditioned elements and 
there would be few or none in S’ to 
fluctuate back into S during further pe- 
tiods of extinction. If, however, ex- 
tinction began long enough after the 
end of the acquisition period so that an 
appreciable number of conditiontd ele- 
ments were in S’ during the first ex- 
tinction period, the additional extinc- 
tion would further reduce the total 
number of conditioned elements and 
thus increase the amount of training 
that would be required for recondi- 
tioning. If conditioning extended over 
more than one period, then there would 
be conditioned elements in S’ at the 
end of conditioning, and similar effects 
of extinction below zero would be ex- 
pected even if extinction began ims 
mediately after the last conditioning 
period. 

Distribution of practice. In gen- 
eral, amount of spontaneous regression 
should vary inversely with duration of 
the intertrial interval during condition- 
ing, and spontaneous recovery should 
vary inversely with duration of the in- 
tertrial interval during extinction. In 
each case, the length of the intertrial 
interval will determine the extent tO 
which the stimulating situation ca? 
change between trials, and thus the 
proportion of the elements in the stimu- 
lus population Są which will be sam- 
pled during a given number of trials- 
These relationships will be treated i” 
more detail in a forthcoming paper (7). 


MATHEMATICAL DEVELOPMENT OF 
FLUCTUATION THEORY 


Stimulus fluctuation model. Let te 
probability that*ary given element 0 
a total set S, is in the available set 
at time £ be represented by f(t); th? 
probability that an element in S &* 
capes into the unavailable set S’ during 
a time interval Aż by j, and the prob 
ability that an element in S’ enie 
during an interval At by j. Then 
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elementary probability theory we have 
for the probability that an element is 
in S at the end of the (ż + 1)st inter- 
oe At following an experimental pe- 
riod: 


fé+4) =[1-fO17 +/00 -— j). 


This difference equation can be solved 
by standard methods (2, 12) to yield 
a formula for f(t) in terms of ¢ and 
the parameters: 


TA ae ee 
[5-10] CT IA 
=J—[J—f(0)]a! [1] 


Phere f(O) is the initial value of f(t); 

represents the fraction j’/j + j’; and 
@ represents the quantity (1 —j—/j’). 

ince @ is bounded between — 1 and 
+1 by the definition of j and j’, the 
Probability that any element ® is in S 
Will settle down to the constant value J 
after a sufficiently long interval of time, 
and the total numbers of elements in S 
and S’ will stabilize at mean values W 


and N’, respectively, which satisfy the 
relation, 


N=J(N+N’). [2] 


Spontaneous recovery and regression. 
eo of spontaneous recovery and re- 
nee can now be obtained by ap- 

Ptiate application of Equation 1. 


5 P : 
eet simplicity, it has been assumed in this 
ane that all of the elements in Sẹ have the 
some Values of j and j’. In dealing with 
pk Situations it might be more reasonable 
Boots that different parameter values are 
ample a with differéht elements. For ex- 
Best th ata obtained by Homme (11) sug- 
elements in the Skinner box a portion of the 
ays S should be regarded as fixed and al- 
Dale while the remainder fluctuate. 
sewhere 7 of an analytic method described 
Beneraj e (8) shows that conclusions in the 
from th Case will differ only quantitatively 
Ose given in this paper. 
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Let us designate by p(t) and p'(é) 
the proportions of conditioned elements, 
and therefore the response probabilities, 
in S and S’ respectively at time ¢ fol- 
lowing an experimental period. The set 
of conditioned elements in S at time ¢ 
will come in part from the conditioned 
elements, (0) in number, that were 
in S at the end of the experimental pe- 
riod, and in part from the conditioned 
elements, ~'(0)N’ in number, that were 
in S’. The probabilities of finding ele- 
ments from these two sources in S at 
time ¢ are obtained from Equation 1 
by setting f(0) equal to 1 and O re- 
spectively. With these relations at 
hand we are ready to write the general 
expression for spontaneous recovery and 
regression: 


PO = FOL- (=a 
+ pI — aN] 
= pOL- (T= 1)e'] 
+/'()(1-a)—J), B] 


the parameters W and N’ having been 
eliminated by means of Equation 2. 

The functions illustrated by the curve 
families of Fig. 2 and 3 are all special 
cases of Equation 3. In the upper 
panel of Fig. 2, ~'(0) has been set 
equal to 0; in the lower panel, p(0) 
has been set equal to 1. In the upper 
panel of Fig. 3, ~’(0) has been set 
equal to 1; in the lower panel, (0) 
has been set equal to 0. 


EMPIRICAL RELEVANCE AND ADEQUACY 


General considerations. The theo- 
retical developments of the preceding 
sections present two aspects, one gen- 
eral and one specific, which are by no 
means on the same footing with regard, 
to testability. It will be necessary to 
discuss separately the general concept 
of stimulus fluctuation and the specific 
mathematical model utilized for pur- 
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poses of deriving its testable conse- 
quences. 

The reason why the fluctuation con- 
cept had to be incorporated into a for- 
mal theory in order to be tested was, 
of course, the difficulty of direct ob- 
servational check. Thus for the pres- 
ent this concept must be treated with 
the same reserve and even suspicion 
as any interpretation which appeals to 
unobservable events. This remoteness 
from direct observation may, however, 
represent only a transitory stage in the 
development of the theory. Relatively 
direct attacks upon certain aspects of 
the stimulus element concept are pro- 
vided by recent experiments (1, 21) in 
which the sampling of stimulus popula- 
tions has been modified experimentally 
and the outcome compared with theo- 
retical expectation. Further, it should 
be noted that the idea of stimulus 
fluctuation is well grounded in physi- 
cal considerations. Surely no one would 
deny that stimulus fluctuation must oc- 
cur continuously; the only question is 
whether fluctuations are large enough 
under ordinary experimental conditions 
to yield detectable effects upon behav- 
ior. The surmise that they are is not 
a new one; the idea of fluctuating en- 
vironmental components has been used 
in an explanatory sense by a number 
of investigators in connection with par- 
ticular problems: e.g., by Pavlov (19) 
and Skinner (22) in accounting for 
perturbations in curves of conditioning 
or extinction, by Guthrie (10) in ac- 
counting for the effects of repetition, 
and recently by Saltz (20) in account- 
ing for disinhibition and reminiscence. 

Considered in isolation, the concept 
of stimulus fluctuation is not even in- 
directly testable; it must be incorpo- 
tated into some broader body of theory 
before empirical consequences can be 
derived. In the present paper we have 
found that when this concept is taken 
in conjunction with,.other concepts and 
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assumptions common to contemporary 
statistical learning theories (2, 5, 8, 
16), the result of the union is a mathe- 
matical model which yields a large num- 
ber of predictions concerning changes 
in response probability during rest in- 
tervals. Once formulated, this model 
is readily subject to experimental test. 
Its adequacy as a descriptive theory of 
spontaneous recovery and regression can 
be evaluated quite independently of the 
merits of the underlying idea of stimu- 
lus fluctuation. 

Spontaneous recovery. Space does 
not permit the detailed discussion of 
experimental studies, and we shall have 
to limit ourselves to a brief summary of 
empirical relationships derivable from 
the theory, together with appropriate 
references to the experimental litera- 
ture. To the best of my knowledge, 
the references cited include all studies 
which provide quantitative data suit- 
able for comparison with predicted 
functions. 


a. The curve of recovery is exponential in 
form (3, 9, 17) with the slope independent 
of the initial value (3). 

b. The asymptote of recovery is inversely 
related to the degree of extinction (3, 11). 

c. The asymptote of recovery is directly 
related to the number of conditioning peri- 
ods given prior to extinction (11). 

d. The asymptote of recovery is directly 
related to the spacing of preceding condition- 
ing periods (11). 

e. Amount of recovery progressively de- 
creases during a series of successive extine- 
tion periods (4; 13; 19, p. 61). 


It may be noted that items c and d 
represent empirical findings growing out 
of a study conducted expressly to tes 
certain aspects of the theory. Many 
additional predictions derivable fro™ 
the theory must remain unevaluate 
until appropriate experimental evidenc? 
becomes available, e.g., the inverse 1°- 
lation between asymptote of recovery 
and spacing of extinction trials or pe!” 
ods, and the predictions concerning “€* 
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tinction below zero” mentioned in a 
Previous section. 

Spontaneous regression. Predictions 
concerning functional relationships be- 
tween spontaneous regression and such 
experimental variables as trial spacing 
Or degree of learning parallel those 
8iven above for spontaneous recovery, 
but in the case of regression there are 
fewer data available for purposes of 
verification. The predicted exponential 
decrease in amount of regression as a 
function of number of preceding learn- 
Ing periods has been observed in sev- 
eral studies (6, 11, 13, 14). Predic- 
tions Concernjng regression in relation 
to spacing of learning periods have not 
been tested in conditioning situations, 

ut they seem to be in agreement with 
rather widely established empirical re- 
lationships between spacing and reten- 
tion in human learning (15, pp. 156- 
158; 18, p. 508). 

Finally, the question may be raised 
Whether there are no experimental facts 
that would embarrass the present the- 
Cry. If a claim of comprehensiveness 
had been made for the theory, then 
negative instances would be abundantly 
available, Under some conditions, for 
example, recovery or regression fails to 
*PPear at all following extinction or 
cpntioning, respectively. Since, how- 
o T we are dealing with a theory that 

Imited to effects of a single inde- 
ae variable, stimulus fluctuation, 
sig o ceS Of that sort are of no special 

8nificance. Like any limited theory, 

tion One can be tested only in situa- 
ain S where suitable measures are taken 
ae Where the effects of variables not 
me in the model are either 
eg or else quantitatively pre- 

catio e. And subject to these qualifi- 
rae available evidence seems to be 
rs tmly confirmatory. The danger 
een ay evading negative evi- 

ables y ad hoc appeals to other vari- 
cannot be entirely obviated, but 


it may be progressively reduced if we 
are successful in bringing other relevant 
independent variables into the theoreti- 
cal fold by further applications of the 
analytical method illustrated here. 


SuMMARY 


In this paper we have investigated 
the possibility that certain apparently 
spontaneous behavioral changes, e.g., 
recovery from extinction, may be ac- 
counted for in terms of random fluctua- 
tion in stimulus conditions. Taken in 
isolation, the concept of random stimu- 
lus fluctuation has proved untestable, 
but when incorporated into a model it 
has led to quantitative descriptions of 
a variety of already established em- 
pirical relationships concerning spon- 
taneous recovery and regression and to 
the determination of some new ones. 
A forthcoming paper in which the same 
model is applied to the problem of dis- 
tribution of practice will provide fur- 
ther evaluation of its scope and useful- 
ness in the interpretation of learning 
phenomena. 
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THE CONSTANCY OF THE I-V: 
A CRITIQUE OF INTERVENING VARIABLES 
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e 
In the last 25 years American psy- 
chologists have become acutely theory- 
Conscious. Developments in physics 
and philosophy are partly responsible 
for this state of mind. Operationists 
and logical empiricists have taught us 
how “free-floating” constructs can 
generate pseudo problems and vicious 
Circles. Turning a critical eye on our 
Own scientifi activities we have found 
Such dangers not exaggerated. 
Psychologists tend to react in either 
of two ways. One group, the positiv- 
ists, barricades itself against error by 
establishing a line of defense at the 
oe of empirical generalization. 
Tunswik (3), for example, would 
€ep the organism empty and devote 
his efforts to correlating its behavioral 
adjustments with changes in the en- 
vronment, A second group, the sys- 
ematists, finds the atmosphere stimu- 
ating to greater theoretical effort. 
mee criticism has merely made 
em look more closely to their con- 
Ceptual weapons and prepare for 
a longer campaign. Tolman (30) 
Pointed the way with his floor plan 
Ge operational behaviorism; Hull 
2, 15, 16) put the plan to work in 
uilding his own system. 
ig Lhe sist of the Tolman-Hull method 
too well known to need detailed 
Seg ption here. Essentially, it in- 
olves setting up a, number of hy- 
erica constructs, or intervening 
= tables (I-V),! between stimulus 
ee (S-V) and response variables 
-V). Each I-V is especially sensi- 
"The terms are used interchangeably here, 


alt 7 
ren Possible distinctions between them 
Prove useful for other purposes (8, 22). 


tive to a single external or internal 
condition; combined, they give the 
organism’s behavior. The mathema- 
tical function relating a response to its 
many determining stimuli can thus be 
broken down into a number of simpler 
components. It should be noted that 
there are no gaps in this hypothetical 
chain. In principle, there is no quar- 
rel between the positivist Skinner and 
the Hullians. His objections to the- 
ories of learning are aimed explicitly 
at statements concerning ‘‘events 
taking place . . . at some other level 
of observation and measured, if at all, 
in different dimensions” (26, p. 193). 
In this sense Hull and Tolman are no 
theorists. Their J-V’s belong on an- 
other level of abstraction, it is true, 
but they refer to the same level of 
observation. 

The issue between positivist and 
systematist is pragmatic. Does the 
I-V pay off? Itis the purpose of the 
present article to examine the argu- 
ments for this type of theory in the 
light of recent evidence. 


THE CASE FoR I-V 


Intervening variables appear to 
have two main functions in behavior 
theory: heuristic and formal. The 
first function precedes the second and 
is most fully revealed in Tolman’s 
writings. A construct such as habit, 
drive, expectation, or demand may 
help to suggest new relationships to be 
sought between S-V’s and R-V's» sit 
may do so, however, without appear- 
ing in the final equation, R-V = 
F(S-V). Hulls (13, p. 285) argu- 
ment for.a construct of habit based on 
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the time gap between acquisition and 
use belongs in this category. 

Since the heuristic role, vital as it is, 
can be played behind the scenes, we 
are here concerned with the formal 
function of the J-V. What use can 
the theorist make of it in integrating 
experimental results? Bergmann and 
Spence (2) and Hull (13) answer that 
it is a device for simplifying the other- 
wise baffling mathematical relation- 
ships underlying empirical curves. 
Just how is this simplification brought 
about and to what end? 

First let us consider a single R-V; 
e.g., the speed of a rat in a runway. 
We suppose this measure to depend 
on a variety of conditions: hours of 
deprivation, amount of reward, length 
of runway, number of previous trials, 
pattern of reinforcements, and others 
as yet unspecified.2 Our problem is, 
given certain values of these variables, 
to predict the rat’s running speed. To 
solve this problem Tolman (30) sug- 
gests that we vary one S-V ata time, 
holding all others constant, and meas- 
ure the variations in speed that result, 
This gives us a set of mathematical 
functions each relating speed to some 
single S-V. We take each function 
to define an T-V and assume that it 
remains constant for different values 
of the other S-V’s. On this assump- 
tion, although Tolman hesitates to 
draw the inference, we can presum- 
ably combine the several functions by 
some simple rule—e.g., addition or 
multiplication—to derive R-V. 

If the theorist is permitted such an 
assumption he can hardly deny the 
empiricist the same privilege. A 
valid objection, however, is that he 
begs the very question he set out to 


3 To call “number of trials” or “pattern of 
reinforcements’ a stimulus variable may seem 
unwarranted. As here used the term is 
synonymous with the more familiar ‘‘inde- 
pendent variable” of the laboratory; it is 
introduced solely for convenience. 
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answer: how do the S-V’s combine? 
To test the assumption that they do 
not interact he must vary them not 
only one at a time but jointly. Such 
tests may lead to more complicated 
functions expressing the interaction of 
two or more S-V’s. The point ie that 
in carrying out these tests the system 
builder will have made as many deter- 
minations as the positivist. True, he 
may be able to express the results in a 
series of simpler equations, but he can 
combine them to predict only the out- 
comes already discovered. As long 
as he confines himself to a single R-V 
it looks as if the investigator can get 
along without any formal help from 
I-V's. Spence (27) recognized this 
point and suggested that it might 
explain Skinner’s lack of interest 17 
theory construction. Simplification 
by itself is not enough to justify the 
extra effort. The question is whether 
these simplified expressions can be put 
to use. 

It is time to face the crux of the 
matter. What does it mean to ask if 
an I-V “pays off,” if it can be “put to 
use”? The real question is: does it 
enable us to formulate theorems from 
which behavior can be deduced? 
Can we, with the aid of I- V’s, hope tO 
predict S-R relationships that have 
never actually been observed? BY 
analogy with the physical sciences it 
might seem that a truly deductive 
theory must describe an order © 
events other than the one to be ex“ 
plained. If this were true, predictio® 
of molar outcomes, aside from simp!® 
generalization, would have to be base 
on molecular laws, Skinner would be 
right and the systemAtist should eithe 
study physiology or collect’ many 
facts. If it is not true, how can thé 
I-V, without providing more than 4 
vicarious foothold on the molecula! 
substratum, lead to bona fide Pre 
diction? : 


wor 
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THE ConstANCY OF THE I-V 


So far we have considered but one 
R- ve Adding a second R-V changes 
the picture. As Feigl (6) pointed out, 
if we have m causes and 7 effects and 
take a pair at a time, there are mn 
Possible relations to be discovered. 
By Inserting an I-V and finding its 
relation to each cause and effect in 
turn, we change the number of deter- 
Minations to m + n. This change is 
a reduction in all cases except where 
m or n=1 or where m=n = 2. 
a „uS assume, for example, three 

-V’s and two R-V's. To establish a 
Simple relation between each S-V and 
each R-V requires six determinations. 
The same situation with one I-V is 
shown in Fig. 1A. The number of 
Simple relations to be determined is 
reduced from six to five. As more 
S-V’s or R-V’s are added, the amount 
Of reduction increases at an accelerat- 
Ing rate. 
aighi: would be all very well, the 
e may point out, if I-V could be 
3 i ectly observed. Since it cannot, its 

lations can only be inferred from 
Heasurements of some R-V as a func- 
lon of some S-V. How, then, can 
any saving be effected? To answer 
a question refer to Fig. 1E. Let F 
Ra for any function relating an 
aa, directly to an S-V. Suppose we 
een to find R-Vı = Fx, (S-V2) with- 
= having to measure it. One 
€thod would be as follows: 


t SED 1. Measure R-V; for different 
alues of S-V, and find 


R-V, = F,(S-Vi)- [1] 


3 . 
EE example deals only with isolated 
onsa Wherever two or more S-V's 
action ee n I-V, there is a possible inter- 
Separati Ounting each interaction as 4 
tsteorden surement, we must add three 
ringin, SEn one second-order interactions, 
o nines aoe total number of determinations 
ctunlly qithout Z-V the total would be 14. 
Actions will padded labor of measuring inter- 
Mental desta with the efficiency of experi 
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Step 2. By logical and mathema- 
tical procedures derive 
I-V = $:(R-Vi) [2] 
and 
I-V = f,(S-Vi). [3] 


Step 3. Now measure R-V2 for 
different values of S-V2 and find 


R-V: = F2(S-V2). [4] 


Step 4. In like manner derive 
I-V = ¢2(R-V2) [5] 
and 
I-V = f2(S-V2). [6] 
Step 5. By combining equations 2 


and 6 algebraically, or, as an approxi- 
mation, by entering numerical values 
and fitting a curve, we arrive at a 
statement of R-V; = Fis(S-Vs). 

If in Step 5 equations 3 and 5 were 
used instead of 2 and 6, the result 
would be R-V2 = Fa(S-Vi). Note 
that from two sets of experimental 
observations we can write four S-R 
functions. If the method is sound it 
appears that even a single I-V can 
give the scientist something of the 
predictive power he seeks. 

But the method’s soundness de- 
pends on a basic assumption: that 
I-V remains the same whether de- 
rived from one set of S-R variables or 
another. This principle we may call 
the constancy of the I-V. 

What does it mean to say that an 
I-V is constant? Even if a corre- 
sponding physical mechanism exists 
we have no way to identify it. The 
principle might seem at first glance to 
be meaningless. It can be stated, 
however, in terms of the functions by 
which Z-V is defined; when so stated 
it becomes open to verification. 

I shall state the constancy princip!> 
in the form of three propositions. 
Each one states a necessary condition 
for predicting an unknown function. 
In so doing it raises two questions: (a) 
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the time gap between acquisition and 
use belongs in this category. 

Since the heuristic role, vital as it is, 
can be played behind the scenes, we 
are here concerned with the formal 
function of the I-V. What use can 
the theorist make of it in integrating 
experimental results? Bergmann and 
Spence (2) and Hull (13) answer that 
it is a device for simplifying the other- 
wise baffling mathematical relation- 
ships underlying empirical curves. 
Just how is this simplification brought 
about and to what end? 

First let us consider a single R-V; 
e.g., the speed of a rat in a runway. 
We suppose this measure to depend 
on a variety of conditions: hours of 
deprivation, amount of reward, length 
of runway, number of previous trials, 
pattern of reinforcements, and others 
as yet unspecified.2 Our problem is, 
given certain values of these variables, 
to predict the rat’s running speed. To 
solve this problem Tolman (30) sug- 
gests that we vary one S-V at a time, 
holding all others constant, and meas- 
ure the variations in speed that result. 
This gives us a set of mathematical 
functions each relating speed to some 
single S-V. We take each function 
to define an J-V and assume that it 
remains constant for different values 
of the other S-V's. On this assump- 
tion, although Tolman hesitates to 
draw the inference, we can presum- 
ably combine the several functions by 
some simple rule—e.g., addition or 
multiplication—to derive R-V. 

If the theorist is permitted such an 
assumption he can hardly deny the 
empiricist the same privilege. A 
valid objection, however, is that he 
begs the very question he set out to 


72 Ta call “number of trials” or “pattern of 
reinforcements” a stimulus variable may seem 
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introduced solely for convenience. x 
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answer: how do the S-V’s combine? 
To test the assumption that they do 
not interact he must vary them not 
only one at a time but jointly. Such 
tests may lead to more complicated 
functions expressing the interaction of 
two or more S-V’s. The point ie that 
in carrying out these tests the system 
builder will have made as many deter- 
minations as the positivist. True, he 
may be able to express the results in a 
series of simpler equations, but he can 
combine them to predict only the out- 
comes already discovered. As long 
as he confines himself to a single R-V 
it looks as if the investigator can get 
along without any formál help from 
I-V’s. Spence (27) recognized this 
point and suggested that it might 
explain Skinner’s lack of interest in 
theory construction. Simplification 
by itself is not enough to justify the 
extra effort. The question is whether 
these simplified expressions can be put 
to use. 

It is time to face the crux of the 
matter. What does it mean to ask if 
an I-V “pays off,” if it can be “put to 
use”? The real question is: does it 
enable us to formulate theorems from 
which behavior can be deduced? 
Can we, with the aid of J-V’s, hope to 
predict S-R relationships that have 
never actually been observed? By 
analogy with the physical sciences it 
might seem that a truly deductive 
theory must describe an order of 
events other than the one to be ex- 
plained. If this were true, prediction 
of molar outcomes, aside from simple 
generalization, would have to be based 
on molecular laws, Skinner would be 
right and the systemAtist should either 
study physiology or collect’ many 
facts. If it is not true, how can the 
I-V, Without providing more than a 
vicarious foothold on the molecular 
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So far we have considered but one 
R-V. Adding a second R-V changes 
the picture. As Feigl (6) pointed out, 
if we have m causes and x effects and 
take a pair at a time, there are mn 
Possible relations to be discovered. 
By inserting an I-V and finding its 
telation to each cause and effect in 
turn, we change the number of deter- 
Minations tom +n. This change is 
a reduction in all cases except where 
m or m=1 or where m =n = 2. 
Let us assume, for example, three 
S-V's and two R-V’s. To establish a 
Simple relation between each S-V and 
each R-V requires six determinations. 
The same situation with one I-V is 
shown in Fig. 1A. The number of 
Simple relations to be determined is 
reduced from six to five. As more 
S-V’s or R-V's are added, the amount 
of reduction increases at an accelerat- 
Ing rate.3 

This would be all very well, the 
Teader may point out, if I-V could be 
directly observed. Since it cannot, its 
relations can only be inferred from 
measurements of some R-V as a func- 
tion of some S-V. How, then, can 
any saving be effected? To answer 
this question refer to Fig. 1E. Let F 
Stand for any function relating an 


R-V directly to an S-V. Suppose we. 


Wish to find R-V; = F42(S- V2) with- 
Cut having to measure it. One 
method would be as follows: 


Step 1. Measure R-V; for different 
Values of S-V, and find 


R-Vı = F,(S-V;). [1] 


Uai ne example deals only with isolated 
aes es. Wherever two or more S-V's 
aGtion =” on I-V, thére is a possible inter- 
Caney Counting each interaction as a 
iene a measurement, we must add three 
rin, order and one second-order interactions, 
o ne: the total number of determinations 
ct i Without Z-V the total would be 14. 
ually the added labor of measuring inter- 


actions will va; . 5 5 
Vary with the efficiency of experi- 
Mental designs, 7 
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Step 2. By logical and mathema- 
tical procedures derive 


I-V = ġı(R-Vı) [2] 
and 
I-V = f,(S-Vi). [3] 
Step 3. Now measure R-V2 for 
different values of S-V and find 
R-V2 = F2(S-V2). [4] 
Step 4. In like manner derive 
I-V = ¢2(R-V2) [5] 
and 
I-V = {2(S-V2). [6] 
Step 5. By combining equations 2 


and 6 algebraically, or, as an approxi- 
mation, by entering numerical values 
and fitting a curve, we arrive at a 
statement of R-Vı = Fy2(S-V2). 

If in Step 5 equations 3 and 5 were 
used instead of 2 and 6, the result 
would be R-V2 = Fe:(S-Vi). Note 
that from two sets of experimental 
observations we can write four S-R 
functions. If the method is sound it 
appears that even a single J-V can 
give the scientist something of the 
predictive power he seeks. 

But the method’s soundness de- 
pends on a basic assumption: that 
I-V remains the same whether de- 
rived from one set of S-R variables or 
another. This principle we may call 
the constancy of the I-V. 

What does it mean to say that an 
I-V is constant? Even if a corre- 
sponding physical mechanism exists 
we have no way to identify it. The 
principle might seem at first glance to 
be meaningless. It can be stated, 
however, in terms of the functions by 
which I-V is defined; when so stated 
it becomes open to verification. 

I shall state the constancy princip!s 
in the form of three propositions, 
Each one states a necessary condition 
for predicting an unknown function, 
In so doing it raises two questions: (a) 
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Fic. 1. A. Relations of intervening variable (I-V) to stimul: ‘abl d 
variables (R-V). Functions relating I-V to S-V TOF byf; E ee i 
igal situation requiring constancy of I-V. Solid lines = known functions: cece Tats) = 
functions needed for prediction. C. Same situation with J-V constancy as defined by proposi- ¢ 
tion I. D. I-V constancy by proposition II. E. I-V constancy by both propositions I and y 
II. F. Hypothetical situations K and L requiring I-V constancy by proposition III. Í 
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whether the condition is in fact nec- 
essary ; or (b) whether the condition is, 
in any particular case, met. As to 
question a, I shall be satisfied to 
answer it by “intuitive” argument 
rather than rigorous proof, so that 
we may proceed at once to empirical 
evidence bearing on question b. If I 
say that a proposition “holds” or is 

valid,” I shall mean that the answer 
to question b is “yes.” 

Proposition I: Given a single situ- 
ation in which the following functions 
are known: f,(S-Vi) = I-V = ¢1(R- 
V;) and fo(S-Vo) = I-V = ¢2(R-V2). 

necessary condition for predicting 
R-V, = Fi2(S-V2) is that I-V =f 
(S-V2) is the same whether derived 
from R-V> or R-V1. 

Figure 1B illustrates the problem. 
Solid lines represent the situation 
Siven; the broken line represents the 
Prediction to be made. Proposition I 
States that this prediction can be made 
only if fẹ = fz; i.e., if the situation can 
be depicted as in Fig. 1C. Obviously 
if fa £ fa equation 6 above could not 
be used in Step 5 to derive Fis. 

5 But proposition I, though necessary, 
1S not sufficient for a solution of the 
Problem, since equation 2 is still of 
Uncertain validity. The second re- 
quirement may be stated as follows: 

Proposition IT: Given the problem 
Stated in proposition I, a necessary 
Condition for predicting R-Vi = Fu 

~V2) is that I-V = $(R-Vi) is the 
ae whether generated by S-V1 or 
= Ve, Starting with Fig. 1B, propo- 

ition II requires that $1 = $s a 
condition which would validate equa- 
tion 2 for use in Step 5 and would 
Change the diagram to the one shown 
a re: 1D. Finally, if the conditions 
Sh. oth propositions are met, Fig. 1E 

Ows the situation and demonstrates 
8raphically the constancy of I-V for 

€ two pairs of S-R variables. 

Topositions I and II, taken to- 
Sether and generalized to any number 
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of variables, define J-V constancy for 
a single situation. It would be of 
enormous advantage, both to the 
builder and to the user of theory, if 
the principle could be extended to 
cover situations differing in some re- 
spects. A function derived from an , 
experiment on eyelid conditioning, for 
example, might then be combined 
with data on conditioned finger with- 
drawal to provide a new equation ap- 
plicable to both. Such an assumption 
is implicit in several of Hull’s deriva- 
tions (eg., Postulates II, V, VI, 
XVIA [16]). A more or less formal 
statement of it follows: 

Proposition III: Given two situa- 
tions, K and L, in which the following 
functions are known: in K, f1(S-Vy) 
= I-V = ġı(R-Vı); in L, f2(S-V2) = 
I-V = $2(R-V2). A necessary condi- 
tion for making cross predictions in 
either situation is that the correspond- 
ing functions of I-V are the same in 
both. 

For example, suppose we wish to 
predict R-Vi = Fi2(S-V2). (Propo- 
sitions I and II are, of course, assumed 
to hold for K and ZL separately.) 
Figure 1F contains the essentials. 
Proposition III states that the desired 
function can be derived only if ¢rx = 
ġrzand fx = fer. As in the previous 
cases this condition is implied by Step 
5 of our derivation procedure; it im- 
plies in turn that J-Vx and I-V: 
should be drawn to coincide. 

It follows from this discussion that 
an I-V defined in terms of several S 
and R variables can be a powerful tool 
for making predictions or for deriving 
new functions. Indeed, the method 
here outlined may turn out to be an 
essential part of any theory that 
makes prediction possible. Its» suc- 
cess, however, is clearly contingent on 
its ability to meet a set of exacting 
requirements; viz., those laid down in 
the constancy principle. 
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HULL’S sEr ON TRIAL 


Until recently no psychological the- 
ory was far enough advanced to make 
such tests possible. During the past 
decade, however, Hull and his stud- 
ents (7, 9, 17) made a concerted effort 
in this direction. By applying Thur- 
stone’s scaling technique to the bar- 
pressing latencies (,f,) of rats in suc- 
cessive reinforced trials (N), they 
were able to define the central con- 
struct of his system, reaction potential 
(sEr), as a precise mathematical 
function of N on the one hand and 
sær on the other. These equations 
were then used, much as in the steps 
outlined above, to derive other postu- 
lates. At the same time Hull pro- 
vided a means of testing the predictive 
power of his system insofar as it 
hinges on the constancy of sEp. 

In this section I shall consider 
evidence on how well sEp meets the 
criteria of constancy stated in proposi- 
tions I to III, and shall take them up 
in the order III, I, and II. 

Evidence on proposition III. Hull's 
treatment of bar-pressing latencies as 
a function of number of reinforce- 
ments (Vv = N — 1) led to the follow- 
ing equation (approximately) : 


sEr = 3.1 (1 —10-¥), [7] 


Zeaman (36) applied the same scal- 
ing procedure to starting latencies and 
running times in a Graham-Gagné 
apparatus‘ with results as follows: 


sEp(lat.) = 3.6(1 — 10--¥), [8] 
sEp(run.) = 4.7(1 — 10-7). [9] 


Seeking to explain the difference in 
exponents between equations 7 and 8, 
Zeaman suggested the much larger 
reward used in his experiment as the 
most likely factor. But both his own 


‘The rats traversed a 3-ft. elevated path 
from a starting box to a goal box containing 
food. 
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latency data, as he pointed out, and 
Crespi’s (5) running time reciprocals 
as treated by Hull (15) showed that 
amount of reward affected asymptotes 
rather than exponents. Zeaman’s 
argument implies that the function 
relating sEpr to „t, varies with amount 
of reward, a possibility which, in the 
light of other evidence to be presented 
below, should certainly be checked. 

Comparing equations 8 and 9, Zea- 
man attributed the lower asymptote 
of the latency curve to a longer delay 
of reinforcement. But this factor 
should raise the asymptote of equation 
7 still higher, since the Yale rats 
received reinforcement immediately. 
Rather than attempt to resolve these 
discrepancies ad hoc, we should prob- 
ably admit that bar-pressing latencies 
and runway latencies yield I-V func- 
tions with different constants, then 
launch a systematic search for the 
factors responsible. 

Greater consistency might well be 
expected between two sets of bar- 
pressing data. Yamaguchi (33) con- 
ducted a study in Hull’s laboratory 
using apparatus practically identical 
with that of Felsinger et al. (7). He, 
too, applied Thurstone’s method to 
his latencies and fitted a curve to the 
plot of sEr values against successive 
reinforcements. His equation, to be 


compared with equation 7, was ap-| 


proximately: 
sEr = 7.6[1 — (N +1)-*]. [10] 


Contrary to expectation, the two 
equations differ not only in constants 
but in type. Comparing the experi- 
ments we find so many changed condi- 
tions that we can only guess which 
ones are responsible. Differences in 
maintenance schedule, _pretraining 
procedures, and distribution of trials 
are equally likely candidates. 

Further evidence in the same direc- 
tion may be found in Hull’s Postulate 
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XVI, parts A and B. There we find 
two equations for sEr as a function of 
unreinforced trials to extinction (7); 
viz. (approximately), 


A. sEr = 4.0(1 — 10--"), [11] 
B. Er = .12 X 10°" + 2.1. [12] 


Equation 11 was derived indirectly by 
using a variant of equation 7 in con- 
Junction with bar-pressing data from 
earlier experiments by Perin (24) and 
Williams (32). Equation 12 was de- 
rived, also indirectly, by Yamaguchi 
3), who combined equation 10 with 
extinction data from his own experi- 
ment. It will be noted that equation 
describes a negatively accelerated, 
and equation 12 a positively acceler- 
ated, curve. Hull’s singling out of 
massed versus “quasi-distributed”’ re- 
Inforcements as the differential condi- 
tion may or may not be correct. The 
Point that concerns us is that reaction 
Potential as measured turns out to be 
n exceedingly sensitive instrument; 
f e conditions of its use must there- 
Ore be rigidly specified. 
t vidence on proposition I. Here we 
sa from the comparison of two situ- 
lons, involving unspecified S and 
ifferences, to a comparison of 
cifferent measures of the same re- 
mere in the same situation, such as 
et ency, relative frequency, intensity, 
cule Stance to extinction. A diffi- 
ane in testing proposition I is to 
eee R-V without also changing the 
eon: Zeaman’s study of laten- 
ata and running times was not 
cial, since he was able to show that 
ag he equations he derived for 
S elonged to two different re- 
21) Hi A recent study by Logan 
» OWever, claims our attention. 
Sing response times and choice 
Rioneess of two bar-touching re- 
Ward a with different delays of re- 
of «y, 08an derived three measures 
Merential excitatory tendency.” 
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His first measure, based on response 
speed, was a linear function of the 
difference between latency reciprocals 
to the short-delay and long-delay bars 
on single-presentation trials. His sec- 
ond measure, based on “preferential 
latency” in the same trials, was “‘the - 
abscissa of the normal probability 
integral . . . at which the ordinate 
equals the proportion of times the re- 
sponse speed to the short delay bar is 
greater than that to the long delay 
bar” (21, p. 302) multiplied by ov2.5 
His third measure was derived in the 
same way from the percentage of 
choices of the short-delay bar on 
joint-presentation trials. Instead of 
plotting all three measures against 
number of reinforcements and com- 
paring the curves of best fit, Logan 
tested the inference that the relations 
among them should be linear. 
Logan’s analysis would have been 
more decisive if he had scaled his first 
measure by Hull's adaptation of Thur- 
stone’s method instead of averaging 
latency reciprocals. The fact that 
the two estimates based on response 
speeds and preferential latencies gave 
a straight-line relationship implies 
that the former was indeed equivalent 
to sEpr, but the matter needs checking 
to avoid circularity. His second plot, 
of response speed against percentage 
of choice measures, also showed linear 
trends. Departing from theory, how- 
ever, these trends had steeper slopes 
than the first one and differed from 
one part of the experiment to another. 
Logan also showed that “although the 
animals developed a 100 per cent 
choice of the short delay bar, they 
were responding more rapidly to this 
bar on only about 90 per cent of the 
compared latencies” (21, p. 306). 
Again the question arises, do these 
5g is roughly equivalent to the standard 


error of oscillation of sEp defined by Hull in 
Postulate-XII (16). > 
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measures refer to the same response? 
Measures 1 and 2 obviously do, since 
they represent different ways of treat- 
ing the same numbers. But is a re- 
sponse to one of two bars presented 
together the same—i.e., determined 
by the same external and internal 
conditions—as a response to the same 
bar presented alone? The answer 
must await the verdict of a growing 
body of experiments comparing dis- 
crimination between stimuli simul- 
taneously and successively presented 
(1, 10, 20, 25). 

Logan himself appealed to stimulus 
patterning, itself the product of learn- 
ing, to account for the divergence of 
his free-choice and forced-response 
measures. Another factor may be 
partly responsible. Theoretically sEp 
to each bar fluctuates from moment 
to moment in a roughly normal dis- 
tribution with a constant standard 
error of oscillation (so). On the 
assumption that the two distributions 
of these momentary values (sEp) 
are independent, their differences are 
distributed with ep = coV2. The per- 
centage of times the response to one 
bar is faster than to the other is de- 
termined by the ratio of the mean 
difference to its standard error, which 
can thus be read from a table of the 
normal probability integral. 

Each single-bar response may be 
held to represent one sEp value, but 
a choice between two bars may repre- 
sent more than one sEp to each. A 
rat frequently hesitates, looking from 
one to the other before he chooses. 
Such “vicarious trial and error (VTE)”’ 
(23) samples a number of sEp’s. It 
would be plausible, therefore, to say 
that a single trial provides a difference 
between the means of two samples and 
that percentage of choice is deter- 
mined by the distribution of these 
differences between means. Letting 
n stand for the mean size of a sample, 
we may approximate the standard 
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error of this distribution by op = 
op/Vn. If, for example, we assume a 
mean of three VTE’s per trial, we 
should use op = ooV2/3 instead of 
ep = aoV2 as on forced trials. It 
follows that a given differential sEr 
would theoretically produce a Jarger 
percentage of choices of the short- 
delay bar than of faster responses to 
it, which is what Logan found. 

This hypothesis can be checked. 
In an experiment comparing succes- 
sive with simultaneous discrimination 
any condition that increases VTE on 
the joint-presentation trials should 
increase the discrepancy between 
preferential latency and percentage of 
choice. Tolman (31) has suggested a 
number of conditions that might be 
varied for this purpose, such as en- 
forced delay at the choice point, 
difficulty of the discrimination, and 
the use of normal as compared with 
brain-injured rats. 

As to the constancy of sEe in the 
sense of proposition I, Logan’s study 
confirms it, or at least offers no evi- 
dence against it. 

Evidence on proposition II. A dif- 
ficulty in making a direct test of prop- 
osition II is that it demands the use 
of Thurstone’s method in connection 
with two S-V’s, whereas so far no 
study has applied it to more than one. 
To obtain an expression relating sEr 
to S-V2 we must, therefore, proceed 
indirectly, using a second R-V and 
tacitly assuming propositon I. This 
means that we are not testing proposi- 
tion II alone but I or II or both. 
Two sets of data are available for 
making such indirect tests, one pro- 
vided by Yamaguchi (33, 34), the 
other by Perin (24). A third study, 
by Kimble (19), gave latencies under 
conditions comparable with Perin’s; 
they will therefore be used to supple- 
ment Perin’s data. 

Figure 2 is presented to illustrate 
the test. Here the general symbols 
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TABLE 1 


EMPIRICAL AND THEORETICAL FUNCTIONS 
TAKEN FROM YAMAGUCHI (34) TO TEST 
Proposition II 


Steps Empirical Theoretical 
1°) (a) atr = Fi(W) | (b) sEr = dilct) 


(c) sEr = fi(N) 
2 (d) n = Fa(N) | (e) sEr = ¢2(n) 
3 (£) n = Fa(h) (g) sEr = f2(h) 


Note.—For explanation of symbols see Fig. 1 and 2. 


of Fig. 1E are replaced by specific 
ones standing for the variables used 
in the two experiments. The hy- 
Pothesis tested is that ģı is constant 
whether derived by varying N or h, 
the number of hours of food depriva- 
tion, 

Yamaguchi’s purpose was to find 
an equation for drive (D) as a func- 
tion of h. His method, similar to the 
one outlined above, consisted of a 
Series of steps the essentials of which 
are summarized in Table 1. Step 1 
Was to measure bar-pressing latencies 
1n 88 reinforced trials, derive Thur- 
Stone sEp’s, and fit his (Yamaguchi’s) 
€quations b and c, relating them to 
+, and N. Equation c appeared as 
equation 10 above. Step 2 was to 
extinguish the response in several 
Stoups after different numbers of re- 
ìnforced trials and, by substituting 
sEp values from equation c, fit 
equation e for sEp as a function of n 
Bee anon 12 above). Note that 
tee 1S point the soundness of proposi- 
aa I was implied. In Step 3 the 
se igo was trained and extinguished 
ad different amounts of food de- 
woe _ These edata, combined 
sE equation e; led to equation g for 
x ® aS a function of h. By assuming 

Quivalence of sp and D at the limit 
ie e otce, Yamaguchi finally 
£(h) ae with the equation for D = 

at appears in Hull’s system as 

Ostulate V. 

Tt should now be possible to com- 


Fic. 2. Experimental situation for testing 
proposition II provided by Yamaguchi (34) 
and Perin (24). XN = number of reinforce- 
ments; = hours of food deprivation; sEr = 
reaction potential; .f- = latency; = number 
of unreinforced trials to extinction. 


bine equations b and g and predict 
the values of ,f, to be expected after 
differing amounts of h. If proposition 
II holds, and if proposition I can 
be assumed, the predicted latencies 
should agree with those actually ob- 
tained. Fortunately Yamaguchi pub- 
lished median latencies for trials 72 
and 88 of training in order to show 
that sHp had reached its asymptote. 
These data, averaged for the two 
trials, may be compared with the the- 
oretical latencies in Table 2. Whereas 
the calculated values, based on the 
variation of «t, (and n) with NV, drop 
rapidly, especially between 12 and 48 
hours, the empirical measures show no 
trend at all. 


TABLE 2 


MEDIAN BAR-PRESSING LATENCIES (SECONDS) 
AFTER DIFFERENT DEPRIVATIONS (h) As 
CALCULATED USING sEr AND AS 
OBTAINED BY YAMAGUCHI (34) 


h Calculated Obtained 
3 3.56 1.00 
12 3.16 1.11 
24 0.89 0.93 
48 0.16 0.98 
(2,2 0.19 1.01 


————————— oe ———— 
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This discrepancy could have been 
foreseen from Yamaguchi’s explana- 
tion of his indirect approach. Direct 
quantification of sEpr as a function of 
h at the limit of learning was “‘inap- 
plicable here because significant be- 
tween-group differences in latencies 
were not obtained except on the earli- 
est training trials’ (34, p. 114). 
He attributed this to “the unusual 
enfeeblement caused by the main- 
tenance procedure.” If enfeeblement 
were solely responsible, however, we 
should not expect resistance to ex- 
tinction to vary with hunger as it did. 
The equalizing of latencies of depriva- 
tion groups in the course of training 
suggests two things: (a) As sEp in- 
creased it approached a ceiling im- 
posed by physical conditions limiting 
speed of response. (b) If latencies 
were measured after fewer training 
trials they might agree more closely 
with prediction. 

With respect to the first implication 
Cotton (4) has reported running times 
in an 8-ft. runway after 440 rein- 
forced trials, 110 under each of four 
deprivation periods from 0 to 22 
hours. When all test trials were in- 
cluded, clear-cut trends between h 
values appeared, but when trials with 
irrelevant responses were excluded, 
the range of group means for the four 
drive levels was only about a half 
second, Although this variation was 
statistically significant, the author 
concluded that “the major effect of 
increased deprivation is to reduce the 
occurrence of competing responses 
rather than to increase speed of run- 
ning per se” (4, p. 196). Since bar 
pressing allows less time for competing 
responses than running, Yamaguchi’s 
negative finding is understandable. 

As to the second implication, the 
experiments of Perin (24) and Kimble 
(19) provide a crude test. Perin gave 
his rats 16 reinforcements of a bar- 
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pressing response under 23 hours of 
deprivation, then extinguished four 
groupsat different deprivation periods. 
Kimble trained his animals, hungry 
for 24 hours, to push a panel; after 15 
reinforced trials he gave tests under 
different amounts of deprivation in 
random order. Perin combined his 
results with the earlier findings of 
Williams (32) in order to state resist- 
ance to extinction as a joint function 
of N and k. By assuming constancy 
it is possible to write component func- 
tions in terms of sEr. Since Perin 
incidentally reported a few latencies 
and Kimble made them his primary 
measure, we may again test the con- 
stancy assumption. 

Our procedure is practically identi- 
cal with Yamaguchi’s and conforms to 
Table 1 except for the source of the 
functions. Steps 1 and 2 had already 
been taken by Hull (15, p. 110) in 
deriving Postulate XVI A, as de- 
scribed above. Equations a, b, and 
c came from a later experiment (7) 
(see equation 7 above), equation d 
represented the Perin-Williams data, 
and equation e emerged as equation 
11.6 Step 3 consisted of using this 
equation together with Perin’s data 
(equation f) to find sEr values cor- 
responding to his degrees of depriva- 
tion (equation g). To do the same 
for Kimble’s data it was necessary 
first to compute n values for his 
deprivation periods by equation f 
(Perin’s equation 4 [24]). Finally, 
again invoking proposition III, I 
used equation b? to change both sets 
of sEp’s into theoretical latencies. 


° Propositions I and HI seem especially 
vulnerable here, since equation c was based 
onone trial a day, while Perin’s and Williams’ 
training was massed. 

7To make equation b consistent with the 
other equations, I used sEr = 2.845 (str) 
—.173, obtained by adding .426 to Hull's 
equation 9 (9, p. 518) in order to measure from 
absolute zero. 
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TABLE 3 


MEDIAN LATENCIES (SECONDS) AFTER 
DIFFERENT DEPRIVATIONS (h) as 
CALCULATED USING sEr AND (AFTER 

CORRECTION) AS OBTAINED BY 
PERIN (24) AND KIMBLE (19) 


9 


Obtained* 
h Calculated 
Perin Kimble 

1 6.04 3.82 

2 5.55 3.02 
3 5.20 3.62 

8 3.38 2.55 
15 1.93 1.55 
16 1.76 1.81 
23 1.08 1.00 
24 0,93 1.00 

B E vice bal Sa 


* Perin's sc z F 
multiplied ioe were divided by 15, Kimble’s were 


The results for all h values used in 
€ two experiments are presented in 
columns 1 and 2 of Table 3. 
The actual latencies differed so 
Widely from one study to another 
ee Correction factors had to be em- 
P’oyed. One of Perin’s and one of 
Kimble’s groups, tested after 16 and 
trials, respectively, gave median 
atencies of 15 and 0.2 seconds, com- 
tae With 0.95 second at the same 
eee OF training in the standardizing 
Pe riment (7). I therefore divided 
<tin’s medians by 15 and multiplied 
'mble’s by 5.8 The corrected scores 
PPear in columns 3 and 4 of Table 3. 
th as the empirical measures, unlike 
alth eof Table 1, show a decided slope, 
eee still not so steep as the de- 
one Ones. We are not entitled, 
ear plea , to attribute this trend to the 
since bone of training represented, 
and t oth Perin and Kimble trained 
ions €sted their animals under condi- 
rae shown by Yamaguchi (35) to 
Sees drive stimulus intensity gen- 
ization. For this reason, as well 
€ circuitous nature of the deriva- 


8 . 
Publi ‘stimated Kimble’s latencies from his 
ished graph (19). 


tion and the large arbitrary correction 
factors required, our comparison does 
little more than point up the need of a 
more adequate test.? 

It is worth noting that our inquiry 
into proposition II challenges a basic 
assumption in Hull’s system: that ə 
sHp, as defined in Postulate IV (16), 
is independent of the strength of drive 
under which it is acquired. The 
evidence for this assumption is mainly 
of two kinds: (a) Several investigators 
(18, 28, 29) have found resistance to 
extinction unrelated to hours of dep- 
rivation during training. (6) Perin 
fitted equations to his own and Wil- 
liams’ data on resistance to extinction 
as a function of number of reinforce- 
ments; he found the same exponential 
constants for training after 3 and 24 
hours of deprivation. But Hull quan- 
tified sH," on the basis of reaction 
latencies with successive reinforce- 
ments at a 24-hour drive level. To 
say that sHz, so quantified, is inde- 
pendent of drive during training does 
not follow from the evidence on resist- 
ance to extinction. 

One reason why st, may differ from 
n in this respect was suggested earlier: 
inertia, or perhaps a lack of competing 
responses, may keep st, from reflecting 
the growth of sHr beyond a certain 
limit. At high drive levels this ceiling 
may be reached earlier in training than 
at lower ones, resulting in a steeper 
and more sharply bent curve. The 
more pronounced inflection of equa- 


9 In developing the functional relationships 
of sEx the Hull group (9) converted Perin’s 
corrected latencies into sEp's to plot against 
h. Their corrections involved an error in 
that they treated Perin’s scores as seconds, 
whereas he actually reported them in minutes, 
In view of the weaknesses just mentioned, as 
well as the probable contamination of Pariti’s 
data by extinction, a more accurate treatment 
is not attempted here. 

10 Since sEp is treated as a linear function 
of sHr, the same quantification applies to 
both, 9 a 
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tion 10 as compared with equation 7, 
for example, may well indicate a 
stronger drive due to the severe main- 
tenance schedule in Yamaguchi’s ex- 
periment. But what is obviously re- 
quired is an independent investigation 
parallel with the original study (7) to 
determine sEr as a function of N 
under, say, three hours of deprivation. 
If the foregoing argument is sound, 
the resulting function should have a 
smaller exponential constant than the 
one in Postulate IV. 

It may be objected that the argu- 
ment, even if sound, is trivial, since 
the underlying construct may be in- 
dependent of drive even though its 
distorted image is not. Such an ob- 
jection loses sight of the sine qua non 
of a scientific theory, the operational 
definition of its constructs. If sHp 
as derived from latencies is found to 
be dependent on k, the only way its 
independence can be saved is to rede- 
fine it in terms of other operations, 


SUSPENDED SENTENCE 


To summarize, I have tried to 
evaluate the usefulness of intervening 
variables in the explanation, or pre- 
diction, of behavior. I argued that 
the usefulness of an I-V depends on 
the constancy of its relations to S-V’s 
and R-V’sas specified in three proposi- 
tions. I then examined available 
evidence in order to test the constancy 
of one J-V, Hull’s sEp, in the only 
system sufficiently quantitative for 
such tests to be applied. 

What is the outcome? It would 
obviously be premature to pass judg- 
ment on the viability of Hull’s con- 
struct. Our inquiry merely demon- 
strates the kind of validation a theory 
must undergo if it is to make itself 
useful. This requirement carries sev- 
eral implications for method in theory 
construction which may be worth 
stating. They wiil be couched in 
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terms of animal experimentation for 
illustrative purposes only. 

1. Stability of functional relation- 
ships in behavior research demands the 
utmost uniformity in operations of 
measurement. While paying lip serv- 
ice to this rule, rat experimenters 
seldom observe it. As a result, if two 
findings from different laboratories, 
or even by different investigators in 
the same laboratory, confirm each 
other at all, they can seldom be de- 
scribed by the same equation. A 
systematic structure can emerge only 
from rigorously standardized condi- 
tions. This means, first, concentra- 
tion of effort on a few standard situ- 
ations: enclosed runway, elevated 
path, Skinner box, single T maze, 
discrimination box, or jump stand. 
But more than that, it means agree- 
ment on a set of uniform conditions 
for each situation; e.g., length of run- 
way, work required to press bar, main- 
tenance schedule, pretraining proce- 
dures, distribution of trials, age, sex, 
and strain of subjects. 

2. In each situation functional re- 
lations are established between several 
R-V’s (e.g., latency, relative fre- 
quency, intensity, number of trials to 
extinction) and several S-V’s (e.g., 
number of reinforcements, hours of 
deprivation, amount of reward, delay 
of reward, stimulus intensity). 

3. One or more theoretical con- 
structs, or J-V’s, are conjectured 
to mediate these relations. To give 
such an I-V predictive power it must 
be possible to quantify its relation to 
a single S-V independently on thc 
basis of more than gone R-V. So far 
sEp as a function of N has been de- 
rived only from latencies and, by way 
of informal demonstration (14), from 
response frequencies. 

4. Similarly, an J-V measured by 
means of a single R-V must be inde- 
pendently determined as a function of 
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more than one S-V. So far this has 
not been done, although it was in- 
cluded in Hull’s.program (14). 

If the- undertaking is to succeed, 
certain uniform relations will appear 
within each situation and between 
Situations. If they do not, new con- 
structs and new scaling devices must 
be invented and tried. 

Advance from simple to complex 

ehavior is implicit in the method 
outlined. Functions established in 
Tunway and Skinner box are tried out 
with data from T maze and jump 
Stand, from experiments on succes- 
Sive and simultaneous discrimination. 

lere, too, Hull has led the way with 
1S analysis of simple and compound 
trial-and-error learning (16). 

Ido not claim this is the way the 
Science of behavior is actually develop- 
ie _ There are those who would deny 
re at it is even an ideal method, hold- 
we with Harlow (11), that simple 
4 ings may be used to explain simpler 

ings but seldom more complex ones. 

Wo issues are likely to be confused 

€re. One, which motivated the pres- 
ent inquiry, lies between positivists 
MS Systematists; the other divides 
at Psychologists and human, or pri- 
ate, psychologists. Although it 
@ppens that the most advanced be- 
Bapor system to date is closely bound 
BE with experiments on rats, the con- 
e cton is not necessary. A theorist 
sya, conceivably build a psychological 
an without reference to rat be- 
oe But whatever his phyloge- 
ar S level, if his system is to have 
ae Considerable explanatory power 
of eee shape,it to meet the kinds 
€sts here proposed. 
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Rte recent years; it has become 
a rey apparent that notoriety, if 
b ame and fortune, can be achieved 
a ier ely and vociferously attack- 
ae e drive-reduction hypothesis of 
sis eee Just why this hypothe- 
cial ate d have been singled out for spe- 
haps i ention is not entirely clear. Per- 
ane it is indeed strikingly inferior to 
the ‘a ee Perhaps it is one of 
Gin i whose formulation is specific 
pale to make attacks feasible. Or 
tions SA the onslaughts are manifesta- 
A reaction formation by those 
aaa tives have been reduced through 
event ae of other polemics. In any 
crusades aet be admitted that these 
A d ave had a salutary influence. 
reed genders of the faith have been 
citculariti think more clearly, to avoid 
orm r nis of definition, and to per- 
ae evant supporting experiments. 
mN criticisms appear rather 
Ogical ; y in the pages of our psycho- 
Ways Reese and books, there is al- 
as the e danger that such half-truths 
casual. May contain will mislead the 
Virtues reader, and that any residual 
tion aay the drive-reduction assump- 
Orgotte be needlessly obscured or even 
etefore, _ The purpose of this pape? 
contentio, is to re-examine some of these 
relatively and to re-emphasize some 
y v neglected facts and theoreti- 
pore: ausible mechanisms that bear 
a ‘tantly on the issue. No attempt 
e made, however, to defend the 
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notion that drive reduction is, in addi- < 
tion to stimulus-response contiguity, a 
necessary mechanism for all learning. 
The concern of this discussion is not 
with the drive-reduction hypothesis of 
learning per se. Instead, attention is 
focussed on the problem of whether be- 
havior commonly described as “pleasure 
seeking” or “stimulation seeking” con- 
stitutes a genuine exception to the drive- 
reduction interpretation, and whether, 
without undue strain, such behavior can 
be coordinated with that conception. 

Surveys of the history of the drive- 
reduction view (22, 28) show that the 
arguments of its opponents have been 
not only vigorous, but well diversified. 
Some writers, placing their trust in the 
principle of parsimony, have insisted 
that stimulus-response contiguity alone 
is sufficient to account for the growth 
of associative bonds, additional factors 
of decreased drive or tension being un- 
necessary. Others have held that the 
effects attending a consummatory re- 
sponse cannot act backward in time to 
affect the strength of a connection, or 
perhaps that “pleasant” consequences 
alone can produce learning, or even that 
learning can take place in the absence 
of both motivation and motivation re- 
duction. 

The criticism most frequently raised of 
late, and the one we shall be concerned 
with here, has been phrased in a va- 
riety of different ways. In all of them, 
however, a central role has been as- 
signed to the observation that a re- 
sponse may be learned or maintained 
even though marked increases in stimu- 
lation occur while it is in progress or 
even after its termination. 
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In one of the variations on this 
theme, emphasis is placed on the fact 
that organisms sometimes exhibit be- 
havior that takes them from an initial 
state of relative quiescence into one 
marked by heightened activity and 
strong stimulation (13). The indi- 
vidual who deserts the quiet comfort of 
his easy chair for a lurching, noisy ride 
on a roller coaster is regarded as epito- 
mizing this behavior. He is described 
as seeking strong stimulation. Since 
the increased stimulation follows closely 
upon the response of getting into the 
roller coaster, and since that increase is 
sometimes equated with a rise in drive, 
a problem is said to be raised for the 
drive-reduction view. In essence, this 
is the problem of an organism’s exhibit- 
ing behavior resulting in so-called pleas- 
urable or positive stimulation. It is the 
problem of why, if the drive-reduction 
view is correct, men and animals ever 
behave so as to obtain more stimulation 
rather than less. 

The same basic criticism is some- 
times expressed as a dissatisfaction with 
the explanatory use by drive-reduction 
theorists of the concept of secondary 
reinforcement. Hilgard (9), for ex- 
ample, points out that the phenomenon 
of secondary reinforcement is normally 
marked by an increase rather than a 
decrease in stimulation. If stimulus re- 
duction is identified with drive reduc- 
tion, then a rise in stimulation implies 
an increase in drive. Asa consequence, 
appeals to secondary reinforcement to 
explain learning are said to lead to a 
weakening of the generality of the 
drive-reduction interpretation. 

Still a third formulation of this ob- 
jection arises from the finding that 
monkeys, when confined in an opaque- 
walled box, can learn manual responses 
for which no reward is given other than 
that of being allowed to look out of a 
window of the box (1). According to 
one interpretation of, this resnlt (7), 
the stimulation provided by the labora- 


tory room beyond the box provides, or 
arouses, a drive. Consequently, if re- 
sponses are actually learned when fol- 
lowed by such a drive increase, their 
acquisition cannot be ascribed to drive 
reduction. In short, if a response is 
followed by an increase in stimuletion, 
irrespective of what happens then or 
later, and regardless of previous experi- 
ences with such stimulation, the drive- 
reduction concept is declared helpless 
to account for the learning of that re- 
sponse. 

A fourth and final variation of this 
anti-drive-reduction motif rests on the 
supposed fact that organisms persist for 
unreasonably long periods in “behavior 
which is clearly punishing, or, at least 
more punishing than rewarding” (22, p. 
546). The hypothetical author who is 
described as writing for a lifetime even 
though the completion of each opus is 
punished by an editor’s rejection slip, 
and the masochist, are popular examples 
cited to support this notion. Though 
the cataloguing of such reactions as 
“more punishing than rewarding,” is 
obviously unreliable, since hidden re- 
wards may be operating, and “unrea- 
sonable persistence” is also difficult to 
assess, the belief in the existence of 
such persistent maladaptive behavior is 
apparently widespread. 

To recapitulate, the drive-reduction 
assumption has been declared deficient 
for the following reasons: (a) Organ- 
isms seek out and approach situations 
or perform actions involving an increase 
rather than a decrease in stimulation. 
(b) The drive-reduction theorist is in- 
consistent if he tries to explain the 
learning of some responses by invoking 
the principle of secondary reinforcement 
with its attendant stimulation incre- 
ments. (c) On the assumption that 
visual stimulation is drive arousing in 
monkeys, the acquisition of responses 
“rewarded” by such stimulation is evi- 
dence against the drive-reduction con- 
cept. (d) Organisms are supposed to 
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Persist unreasonably in behavior re- 
garded by observers as more punishing 
than rewarding. In all of these criti- 
cisms, stress is laid on the fact that 
when increases in stimulation occur after 
@ response has been initiated or after it 
ceases, the tendency to perform that re- 
Sponse is not always weakened, and 
ay even become stronger. This fail- 
ure of increased stimulation to function 
as a kind of “negative reinforcer” is 
jsoposed as a major stumbling block 

r the drive-reduction interpretation. 
EE a initial step in attempting to an- 
ae ese criticisms, it may be noted 
HOE e proponents of the above views, 
cae a to stimulate thought and pre- 
ator best possible case for their po- 
an, have often emphasized rather 
Bot e and extreme examples. But the 
aus on raised by these examples is not 
e iB Ka the bizarre and the abnor- 
simple , e phenomena are typical of the 
ae and most conventional kinds of 
ay One need not turn to the 
eta, for pertinent data; they 
eee in nearly all reactions. Though 
eee seems to have escaped notice, 
Meri every overt response, and many 
Gee ide one, is accompanied by an in- 
Statice in stimulation. In most in- 
vided a the level of stimulation pro- 
Y flu y proprioceptive feedback and 
ities Gee external cues must be 
efore uring the response than either 
placed or after. When a rat Js first 
all for ìn a maze, it may not move at 
oe a while. When it does move, 
vide a its reactions are likely to pro- 
tehal increase in the level of both in- 
nins external stimulation. But if 
at a lat ion is, in, gefieral, more intense 
the ee phase of the response than at 
eee of its initiation, 4 prob- 
afise es as to whether this constitutes 
tassment drive and hence an embar- 
earl for the drive reductionist. 
Ra aes is the same problem that 
ave bee core of the criticisms that 
n mentioned, and just as clearly, 
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it too requires a carefully considered 
analysis. 

Granting, then, that a great many re- 
sponses, though probably not all, are 
attended by heightened stimulation, by 
what stratagems can these stimulus in- 
crements be coordinated with the sup- 
positions of the drive-reduction view? 
One alternative might be to assume that 
the sensory consequences of most re- 
sponses are practically never intense 
enough to provide increments to the 
drive level. But this assumption seems 
unsatisfactory for the following rea- 
sons: (a) It implies that when stimuli 
really are strong, a drive results, an im- 
plication that reintroduces the problem 
to be solved. (b) It tacitly assumes 
that when stimuli do produce a drive 
the response should be abandoned or at 
least not learned. (c) It raises the fur- 
ther problem of how to specify the pre- 
cise level of intensity at which stimuli 
become or induce drives. 

A second avenue of escape from this 
dilemma has been opened by one of 
Miller and Dollard’s proposals (15). 
They suggest that heightened stimula- 
tion following a response is not incom- 
patible with the drive-reduction posi- 
tion because such stimulation may 
lower the total stimulation to a level 
below that prevailing initially. To use 
their example, an individual lost in a 
forest at night does get more stimula- 
tion when he sees a light in a cabin 
window. But seeing the light may actu- 
ally decrease the totality of stimulation 
by eliminating internal excitations aris- 
ing from anxiety or apprehension. Al- 
though this solution has substantial 
merit, the range of cases to which it ap- 
plies appears to be relatively limited. 
Moreover, since the rise in stimulation 
is closer to the response than the de- 
cline, a problem remains as to why the 
decline should override the “punishing” 
effect of the more immediate rise. 

A third possibility, the one to be de- 
fended here, is simply that an increase 
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in stimulation, even when relatively in- 
tense, need not always be categorized 
as an increase in drive. That is, it is 
sometimes profitable to treat strong 
stimuli as drives in our formulations for 
predicting behavior, and sometimes not. 
The adoption of this view makes neces- 
sary the abandonment of the position 
that each and every stimulus neces- 
sarily has drive properties simply be- 
cause it is physically intense. It means 
that the definition of a drive must in- 
clude more than measurements of, or 
inferences about, the sheer physical 
strength of a stimulus. It means that 
a given stimulus may have drive value 
for some individuals, but not for others; 
or for one individual at one time, but 
not at another. This is apparently es- 
sentially the same point that Skinner 
(23) makes when he asserts that a 
drive is not a stimulus. 

With respect to the problem under con- 
sideration, this suggestion, that strong 
stimuli 'need not always engender drive, 
has numerous implications. Generally 
speaking, it makes imperative a careful 
re-examination of all instances in which 
strong stimulation is supposed to present 
a paradox for the drive-reduction view, 
Specifically, it leads to the conclusion 
that whenever the jostling and noise of 
the roller coaster can be disqualified as 
drive increments, the occurrence of the 
behavior does not constitute an anoma- 
lous example. The masochist who beats 
himself with a hammer may not be pro- 
viding sensory excitation whose role as 
a behavior determinant is covariant with 
drive. In all these instances, the in- 
crease in physical stimulation is pres- 
ent, but the presumed increase in drive, 
along with its paradoxical implications, 
vanishes. 

M'rely to assert, however, that strong 
stimuli do not always function as drives 
does not contribute much to the resolu- 
tion of our difficulties. We need to 
know when, and under what conditions, 
stimuli will or will not have drive-like 


effects. We need to list specific factors 
other than stimulus intensity which 
must be taken into account if a maxi- 
mally useful definition of stimulus-in- 
duced drive is to be achieved. Whether 
the resulting definition is, in fact, useful, 
will depend on whether certain agreed- 
upon behavioral consequences are found 


to accompany or to follow the presenta- _ 


tion or removal of the stimulus. Con- 
sequences such as the intensification of 
behavior or the occurrence of learning 
might serve adequately in this capacity, 
though no firm decision need be made 
here. = 

In attempting to specify these addi- 
tional factors, let us first consider those 
which lead to the conclusion that a 
given stimulus, though strong, will not 
operate as a drive. 

One factor capable of altering the 
drive properties of a stimulus is the 
amount and kind of previous experience 
that the organism has had with that 
stimulus. Thus a physically intense 
stimulus tends not to produce a drive 
if an organism has been exposed on suc- 
cessive occasions to gradually increasing 
values of that stimulus and if each 
presentation has been followed by some 
kind of drive reduction. Some of the 
most convincing evidence to support 
this contention comes from the condi- 
tioning studies of Pavlov. He found 
that stimuli such as strong electric 
shocks, wounding of the skin severe 
enough to draw blood, and cauteriza- 
tion of the skin lost their noxious as- 
pects if, when used as conditioned 
stimuli for an alimentary response, their 
intensity was gradually increased. The 
Process of neutralization was apparently 
quite complete, since according to Pav- 
lov’s report “. . . not even the tiniest 
and most subtle objective phenomenon 
usually exhibited by animals under the 
influence of strong injurious stimuli can 
be observed in these dogs. No ap- 
preciable changes in the pulse or in the 
respiration occur in these animals . . - 
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(20, p. 30). Incidentally, the fact that 
the dogs in these experiments were fed 
for a few seconds after each stimula- 
tion appears to be especially significant. 
Prior to the conditioning training, each 
of the stimuli apparently had drive 
values Marked alterations in respira- 
tion and pulse, as well as violent motor 
reactions directed toward removal of the 
paui or escape from them, were ob- 
ARA That a complete tolerance was 
be sa for these strong stimuli may 
ae evidence for oe ee of 
„ ve-arousing capacity. According to 
Liddell (11), the rae findings! in 
ae Studies have been amply corrobo- 
F In studies at the Cornell Behavior 
arm, 
t S urther striking evidence to support 
T that stimuli normally describ- 
nee Er painful or drive arousing can 
Abe ese attributes and become neu- 
Drops: even “pleasant” if presented at 
vi eed increasing strengths and 
oun he by primary rewards is to be 
Perime in Masserman’s studies of “ex- 
Perim. ntal masochism.” In these ex- 
Eai as cats were trained to press a 
Brady o obtain food. Air blasts of 
A Ric y increasing intensity were then 
epre istered each time the switch was 
ait Mee Under these conditions, the 
hat ast can be raised to an intensity 
‘normal? o, would be tolerated by no 
cat and yet, because it is now 
the signal-complex leading to 
only jg the experimental animal not 
the ab not disturbed by it but, even in 
teque Sence of the food reward itself, 
ence Ely, works the switch to experi- 
(12. © ær blast as a subsidiary goal” 
are te 57). { That résults of this kind 
appar restricted to animal subjects 1S 
in preut from Slutskaya’s study (24) 
a mete infants who were pricked with 
anticipat and then fed came to exhibit 
Sight 4; 22% eating responses to the 
> Of the needle. 
dat, addition to these experimental 
» there are abundant anecdotal 


illustrations, which, though less well 
documented, also tend to support this 
contention. Straight whiskey, when first 
ingested, typically elicits rather violent 
defense reactions. Because of this, the 
novice drinker usually begins with sweet 
liqueurs, “pink ladies,” and wines, and 
slowly works his way through a series of 
beverages characterized by the gradual 
disappearance of cola and ginger-ale 
additives. Finally, only plain water or 
even nothing need be mixed with the 
raw product. To the hardened drinker, 
straight whiskey does mot taste bad— 
not bad at all! (It is thus that a 
product euphemistically labeled “neu- 
tral spirits” becomes indeed psychologi- 
cally neutral.) That the ingestion of 
alcoholic beverages is often followed by 
the reduction of one or more drives is 
common knowledge. It seems needless, 
therefore, to speculate here as to which 
drive, when reduced, provides the prin- 
cipal support for this process of neu- 
tralization. 

Closely parallel steps seem to be in- 
volved in acquiring a taste for highly 
peppered sauces and in learning to eat 
the kinds of cheeses that Henning would 
certainly have located at the putrid 
corner of his olfactory prism. In each 
instance samples of the commodity, 
diluted to the point of toleration, are 
presented initially and are followed by 
gradually strengthened versions until a 
terminal level, limited apparently only 
by the manufacturer’s ingenuity, has 
been reached. 

This process of “demotivating” a 
strong stimulus seems to have much in 
common with the phenomenon of nega- 
tive adaptation, especially as it has been 
described by Guthrie (5). Though he 
would doubtless not regard the drive- 
reduction aspect as necessary, he might 
agree that the task of adapting the 
horse to the feel of saddle and rider by 
gradually increasing the weight on its 
back would be facilitated by the fre- 
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quent administration of lumps of sugar 
and crisp Washington apples. 

Under some conditions, it might be 
predicted that the intense proprioceptive 
stimulation and muscular strain due to 
prolonged work should have drive-like 
effects. But if an organism gets ap- 
propriately reinforced training, it can 
acquire a tolerance for the stimulative 
effects of repetitive muscular effort that 
is little short of astounding. Rats and 
pigeons can be trained to make hun- 
dreds of responses for a single bite of 
food if the percentage of reinforcement 
is high initially, and if the reduction in 
frequency of reinforcement with further 
trials is sufficiently gradual. In such 
instances, apparently, the stimulation 
accruing from a multitude of successive 
reactions does not function as a drive, 
since behavior such as resting, though 
followed by the cessation of such stimu- 
lation, is not strengthened, 

Having noted that, in certain learn- 
ing situations, strong stimuli tend to 
lose their drive-arousing functions, we 
may now inquire as to what mechanisms 
may be involved in this process. 

One such mechanism appears to be 
the transformation of a drive-arousing 
stimulus into a cue for specific re- 
sponses appropriate to the situation. 
In effect, a stimulus loses its power to 
act as a drive as it acquires strong as- 
Sociative connections to well-integrated, 
directed bits of behavior. For the al- 
bino rat, a bright light has demon- 
strable drive properties. Responses in- 
strumental in escaping from the light, 
or in turning it off, are readily ac- 
quired. But if the light is located near 
food, and if, through appropriate train- 
ing, it becomes associated with reactions 
of approaching and eating, its original 
drive characteristics will be diminished. 

This general notion, that the drive 
function of a powerful stimulus declines 
as it acquires new, behavior-directing 
properties is supported by several lines 
of evidence. Hebb, for example, makes 
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essentially this point when he asserts 
that “. . . potentially painful stimula- 
tion is not disruptive (that is, not pain) 
when it forms part of a stimulation that 
has well-organized central effects” (8, p- 
199). In studies of widely distributed 
periodic reinforcement, stimuli arising 
from muscular tension and fatigue tend, 
early in learning, to prevent further re- 
sponding. But after learning is well 
advanced, they function as cues for 
additional reactions. The drive aspects 
of the strong olfactory and gustatory 
stimuli arising from whiskey disappeat 
as those cues become associated closely 
with elbow-bending and swallowing re- 
sponses. The increase in pleasant af- 
fect found by Peters (21) to accom- 
pany the making of positive responses 
to initially unpleasant stimuli may be 
a comparable phenomenon, and there 
are a number of parallels between his 
judgmental theory of feeling and the 
position taken here. 

An unpublished experiment by Miller 
and Davis? illustrates nicely both the 
manner in which a strong stimulus can 
acquire associative properties and the 
importance of making the increases 1 
its intensity gradual if the process of 
demotivation is to be successful. In 
their study, rats were first trained tO 
traverse a 2-meter alley for food. Mo- 
mentary shocks were then administered 
at a distinctively marked section in the 
middle of the alley. When shock in- 
tensity was strengthened gradually of 
successive trials, the animals continue 
to dash rapidly down to the end con- 
taining food. But when shock was in- 
creased suddenly, the phenomenon of 
continued runniag did not appeat- 
Seemingly, when the shock was in- 
creased in small steps, it acquired 4 
tendency to elicit running rather tha? 
stopping. By becoming associated with 


? Miller, N. E, & Davis, M. The influence 
of the positions of reward and punishment in 
the response sequence. Personal communica- 
tion, 1953. 
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the approaching response it relinquished 
its Power to act as a drive. On the 
basis of this evidence, then, it would 
appear that drive-arousing stimuli tend 
to become neutralized as they become 
Converted to cues having strong asso- 
Clations with well-integrated, ongoing 
responses. 
T second mechanism of importance in 
lag the neutralization of strong 
muli during learning involves the ac- 
eee by such stimuli of secondary 
ie orcing power. The presumption 
re is that stimuli lose their driving 
Bee alles, in part at least, as they 
(ents the capacity to reinforce ante- 
ite a ea ad The loud buzz pro- 
a Ski y the food-delivery magazine in 
atou inner box may at first be drive 
ee ie and disturbing to the naive rat. 
oa ie being repeatedly paired with 
conn i orams the capacity to reinforce 
ae ely new acts and its manifest 
K i aspect is reduced. 
Eha, and Schoenfeld (10) stress this 
e e in their analysis of human 
ie as As has been done here, they 
may Io at originally unpleasant stimuli 
ceptable, this character and become ac- 
conse, € or even sought after, as a 
Cato anenee of training. This modifi- 
7 they of the properties of the stimulus 
Sof attribute not to the outweighing 
E aversion by a conflicting drive, 
a ea aversive stimulus’ becoming 
is itera, reinforcement. They apply 
as to] PAE to masochism, as well 
tic se Oratory studies in which elec- 
fi ocks administered during rein- 


but 


Orce l e 
aE bar-pressing trials acquire the 
tion -tY to produce a rapid accelera- 


SiGe rate during extinction. 
'y what happens when a stimu- 
pet transformed from a drive 
© a secondary reinforcer is not 
Sistent i eee which is con- 
Ould st ith the drive-reduction view, 
becomes ress the kind of response that 
en it associated with the stimulus 
acquires its reinforcing power. 


arous, 
y Clear, 
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If that response is capable of interfer- 
ing with, or reducing the drive condi- 
tion of the moment, the net effect of the 
secondary cue will be an actual diminu- 
tion in drive. Insofar as this holds 
true, it means that any inherent drive- 
arousing power of a secondarily rein- 
forcing stimulus diminishes as it achieves 
the strength to elicit a drive-reducing 
reaction. An interpretation of this sort 
has been proposed for the special case 
of acquired drives by Miller and Dol- 
lard (15). For them, cues can act as 
learned rewards or secondary reinforcers 
when they acquire a tendency to inhibit 
or relax a response that is functioning 
as a drive. This possibility, that some 
kind of drive-reduction process under- 
lies the phenomenon of secondary rein- 
forcement, has also been expressed by 
Mowrer (16), Osgood (18), and Farber 
(3). 

Evidence to support this view comes 
from diverse sources. Spragg (25), for 
example, has shown that the intense 
drive resulting from the withholding of 
drugs in addicted monkeys can be tem- 
porarily reduced by a hypodermic in- 
jection of saline solution. The sight 
and feel of the needle seem to elicit re- 
sponses of relaxing that are incompati- 
ble with whatever states or reactions 
characterize the condition of abstinence. 
Wolff and Goodell (29) have found 
that the administration of a placebo 
falsely described as aspirin can produce 
an actual increase in a subject’s thresh- 
hold for pain. And Gantt (4) has ob- 
served that anxiety symptoms in neu- 
rotic dogs are completely inhibited by 
sexual stimulation even prior to orgasm. 

It thus appears that learning plays a 
significant part in the “demotivation” of 
strong stimuli by leading to the forma- 
tion of close associations between those 
stimuli and ongoing activities and by 
building up the capacity of those stimuli 
to serve as reinforcers. 

In addition to the role played by 
learning, there are at least two innate 
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processes capable of accomplishing the 
same result, at least temporarily. One 
of these is the familiar mechanism of 
sensory adaptation. Instances of this 
are common in the visual and olfactory 
modalities, but more striking ones are 
to be found in research on cutaneous 
pain. Stone and Jenkins (26), for in- 
stance, in a detailed review of such 
studies, report frequent confirmations 
of the phenomenon of adaptation to 
pain. In experiments employing needle 
algometers, complete pain adaptation 
was found in approximately 80 to 100 
per cent of the instances in which it was 
studied. 

The second innate mechanism may be 
described, for want of a better label, as 
competitive stimulation. This refers to 
the fact that the effective strength of 
pain-arousing stimuli can be weakened 
by the simultaneous presentation of 
other stimuli. Hardy and his collabo- 
rators (6) state that the pain threshold 
for one region of the body can be raised 
as much as 35 per cent by intense 
stimulation of some other region, a find- 
ing confirmed by Parsons and Goetzl 
(19). Hebb (8) also remarks that 
stimuli normally capable of provoking 
pain, and hence presumably drive, may 
fail to do so when combined with other 
sources of stimulation. Just how wide- 
spread the action of this mechanism 
may be is uncertain, but it is a com- 
mon observation that pain can often be 
reduced by tensing the muscles or by 
gritting the teeth. 

These then are some of the qualifying 
factors which, when incorporated into 
a definition of stimulus-induced drive, 
lead to the decision that certain stimuli, 
even when physically intense, will not 
have drive-like effects on behavior. Re- 
ferring back to the arguments of the 
anti-drive-reductionists, it should now 
be apparent that many of the supposed 
paradoxical effects of increased stimula- 
tion disappear in the light of these sug- 
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gestions. A secondary reinforcer does 
involve an increase in stimulation, but 
not necessarily an increase in drive, 
and it may, in fact, evoke responses 
which actually reduce drive. The labo- 
ratory world, as seen from a window in 
a box, represents heightened stimula- 
tion for a monkey though not inevitably 
heightened drive. The masochist stimu- 
lates himself in a manner that could be 
painful and drive arousing for others, 
but not for him. 

The solution we have proposed to the 
problems raised by the anti-driyve-reduc- 
tionists may appear to have achieved 
its goal at some sacrifice of objectivity. 
To assert that the drive-arousing po- 
tential of a stimulus is not necessarily 
correlated with its physical intensity 23 
to maintain, of course, that certain 
characteristics of the organism must be 
listed among the elements of a defini- 
tion of stimulus-produced drive. It 
means that a particular stimulus will 
not be drive arousing if an organism 
has had specific kinds of learning ex- 
periences with it, if his sensory recep- 
tors are in such and such a state of 
adaptation, or if he is being simultane- 
ously titillated by certain other strong 
stimuli. This requirement, that the 
specification of stimulus-aroused drive 
include additional information about 
the state of the organism and its his- 
tory, does to be sure, add complexity . 
to the drive problem, but it presents nO 
insurmountable obstacles. Drive states 
resulting from operations of deprivation 
are subject to the same kinds of restric- 
tive specifications, A 24-hour period of 
food privation means one thing if the 
subject is old anè obese, and something 
different if the subject is young and 
slender; it means one thing if the sub- 
ject has been on an ad libitum diet for 
weeks, and something else if he has re- 
cently undergone a prolonged depriva- 
tion schedule. Drive level, defined 
either in terms of deprivation time 0" 
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stimulation conditions, can be maxi- 
mally useful only if additional data 
about an organism’s previous experi- 
ence, momentary states, and responses 
are taken into consideration. 
iy the preceding discussion, some of 
e onditions under which stimuli 
eg not be expected to have drive-like 
ects have been examined in detail. 
ee concluding, it seems appropriate 
leer briefly some instances in 
ae stimuli would be expected to 
= it motivating effects. These are 
Ses in which all the requirements of 
a a inition, as amended by state- 
an S bout aprevious experience, sen- 
eta tion, and so on, have been 
Rican - But to grant that intense 
en can qualify as contributors to 
a ie is to raise the original prob- 
à Ta which this discussion began. 
ern has been made that re- 
may i ee by intense stimulation 
Ah earned or perpetuated, at least 
categor e stimuli are deleted from the 
mitted AEN drives. But can it be ad- 
mai at responses may be learned 
owed eed when their onset is fol- 
from Y stimuli that cannot be stricken 
1 the class of drives? 
Dee an affirmative or negative an- 
Pending be given to this question, de- 
Tespone. on the nature and strength of 
€s evoked by the stimulus and 
rive in relation between the time of 
Tence See ge and the time of occur- 
Of this the response. The discussion 
Banize ne can be conveniently or- 
relations, ith respect to these temporal 
g ipotsider first the case where the 
a or oot increment to drive 
Eer: appear until after a response 
-th rive nated. Here it is obvious that 
Nergize i ater genuine, cannot act to 
Ction Intensify the completed re- 
e ree ndeed, if the interval between 
tively 10 onse and the stimulus is rela- 
Ong, the increment in drive should 
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have no effect upon either the vigor of 
the behavior or upon the probability of 
its recurrence. As is well known, long- 
delayed punishments are quite ineffec- 
tive as deterrents to the performance of 
undesirable responses. Moreover, if the 
onset of the drive is delayed, its reduc- 
tion must also be postponed, and the 
effectiveness of any reinforcing power 
possessed by that reduction will be re- 
duced. It seems unlikely, therefore, 
that a response will either be learned or 
unlearned if it is followed after an ap- 
preciable time by both an increase and 
a decrease in drive. The possibility re- 
mains, of course, that learning may oc- 
cur under the special conditions sug- 
gested by Miller and Dollard, where 
the decrease is substantially greater 
than the increase, and where the tem- 
poral interval between response and 
stimulation reduction is minimal. It is 
also possible that when the time in- 
terval is short, the drive increment may 
lead to the abandonment of the re- 
sponse. Such a “punishing” effect 
might be observed when the cues for 
the completed response are still present 
and when the drive-arousing stimulus 
evokes reactions which are incompatible 
with the completed one. 

Finally, let us examine the situation 
in which the stimulus-initiated incre- 
ment to drive is produced while a re- 
sponse is in progress. Since the re- 
sponse is actually occurring, the tend- 
ency to perform it must be greater than 
that for any other act. If drive is as- 
sumed to intensify whatever response is 
dominant at the moment, it follows that 
the ongoing reaction, as long as it is 
dominant, will be facilitated rather than 
disrupted. 

Evidence to support this contention 
is found in studies by Muenzinger (17) 
and Drew (2), who report that electric 
shock administered after the choice 
point facilitates learning, and in Ull- 
man’s (27) experiment in which the 
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rate of food consumption increased if 
rats were shocked while eating. Simi- 
larly, Miller (14) found that a mo- 
mentary shock delivered to rats on the 
stem of an elevated T maze increased 
their speed of running and decreased 
their errors. His rats had been trained 
to run to food when hungry but were 
thoroughly satiated at the time shock 
was administered. 

It thus appears that a step-up in 
drive occurring during a response can 
exert a dynamogenic influence on that 
response, providing the eliciting cues 
are exercising a high degree of control 
over the behavior. Moreover, this 
magnifying effect should appear on the 
very first occasion when the drive is 
heightened, i.e., before the drive-initiat- 
ing stimulus has had any opportunity 
to accumulate either associative con- 
nections with the ongoing action or any 
secondary reinforcing attributes. Any 
stimulus capable of arousing a drive, 
however, may also be rich in its own 
potentialities for eliciting specific move- 
ments. If so, its presentation may 
upset the initial dominance relations 
among the reaction tendencies, and the 
Tesponse in progress may suffer inter- 
ference. The anti-drive-reductionists 
seem to feel that a negative effect of 
this kind should be predicted by their 
opponents’ theory on every occasion 
when increased drive occurs during a 
response. 

A drive reductionist can admit, there- 
fore, that genuine drive increments can 
occur after the initiation of a response 
and that the response may, nevertheless, 
persist or even become stronger. And 
he can admit this without having to 
abandon his special hypothesis as to 
the mechanism of reinforcement. He 
merely asserts that the ongoing behav- 
ior should be intensified except when it 
is overridden by competitive reactions. 
Though he assumes that a reduction in 
drive is reinforcing, he need not also 
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assume that an increase in drive, in and 
of itself, produces an obverse negative 
effect. 

In summary, we have been concerned 
in this discussion with some recent criti- 
cisms of the drive-reduction hypothesis 
of reinforcement. Though these criti- 
cisms differ in their manifest content, 
all are grounded in the observation that 
when a rise in stimulus intensity takes 
place during a response, or shortly 
thereafter, the probability that the re- 
sponse will recur does not always be- 
come less, and may even grow greater. 
If an increase in stimulation is alone 
sufficient to define heightened drive, 
then this observation constitutes an ap- 
parently crucial exception to the drive- 
reduction view, because the response iS 
first followed by increased drive and 
only later by its decline. The fact that 
organisms often behave so as to obtain 
more stimulation rather than less, or tO 
obtain so-called “pleasant” stimulation, 
constitutes, in essence, an identical ap- 
parent exception to the drive-reduction 
view. 3 

In seeking to solve this problem, it 
has been denied that-the drive state, 1 
any, resulting from or induced bY 
stimulation can be usefully defined 
solely in terms of the sheer physica 
intensity of the stimulus. The defini- 
tion must be broadened to include such 
additional factors as amount and kin 
of previous experience with a stimulus) 
level of sensory adaptation, and degre? 
and kind of simultaneous stimulation: 
When this is done, many of the sup“ 
posed exceptions to the drive-reductio" 
hypothesis are eliminated, since they 
can no longer be correctly described 4° 
involving increases in drive. 

But even when all conditions of th® 
modified definition have been met, some 
stimuli still qualify as drive arouse!’ 
The effects of these upon behavior cap 
be coordinated with the drive-reductio? 
view by contending that if they occut ĉ 
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appropriate times they will facilitate 
rather than disrupt behavior. Instances 


in 


which disruption does take place can 


be attributed to the elicitation of inter- 


fe 


ting responses by the drive-producing 


ap and not to any negative motiva- 
ional Attributes inherent in them. 
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THE DEVELOPMENT OF SCHEMATA 


There has been a striking tendency 
among psychologists in recent years to 
stress the importance of motivational 
factors in determining our perceptions 
of the outside world. Perception has 
even been regarded as “an approach to 
personality” (see Blake and Ramsey, 
5), as though a study of the individual’s 
percepts would throw some light upon 
the nature of his individual personality 
characteristics. These psychologists ap- 
pear to underestimate the importance 
of the cognitive aspects of perception; 
of the parts played by thought and rea- 
soning in building up our understanding 
of the world; and of the functions of 
our background of knowledge? in de- 
termining our immediate percepts. At 
the same time, these psychologists seem 
to overestimate the influence of the 
factors of immediate need, and espe- 
cially of the relatively transient and un- 
important influences they exert upon 
most of the simpler and more straight- 
forward of our perceptions. It is pos- 
sible to hold the view that percepts are 
constructed from sensory data though 
not wholly a function of them; and at 
the same time to maintain that the con- 
struction is determined by cognitive ac- 
tivities as much as by individual need 
and interest. I shall proceed to discuss 
this view. 

It is clear to all that at the basis of 
our perceptions of the external world 
there are a series of effects in the sense 


1“Knowledge” is used throughout this paper 
in its widest sense, to include not only 
verbally formulated knowledge and ideas, but 
also our background of knowledge of how to 
behave appropriately in the widely varying 
range of situations we normally encounter in 
our everyday life. 


organs produced by external stimulation 
which vary in an orderly way, both 
temporally and spatially. And, as Gib- 
son (12) has pointed out, our percepts 
vary also in gradients which correspond 
closely to the gradients of stimulation. 
Moreover, there is an orderly continuity 
of sensory impression between one mo- 
ment and the next; and there is also 4 
consistency and correspondence betwee? 
the types and variations of effect in the 
different sense organs. From these pat- 
terns of sensory impressions are COD- 
structed our percepts of the external 
world. We assume that our percepts 
represent accurately what is “really 
there.” We believe that certain visual 
impressions represent solid objects of 
particular shapes, which continue tO 
exist indefinitely; and this probably be- 
cause we can repeatedly check the fact 
of their solidity and identity by touch- 
ing and manipulating them. For most 
practical purposes, tactile and kinesthet!¢ 
data can be relied upon to be consistent. 

It seems fairly clear from the evidencé 
of Piaget and others (discussed in Vet 
non, 44) that the infant is not at first 
aware either of the orderly repetitio” 
and continuity of sensory data, or of the 
association between such data from dif- 
ferent sense organs. Neither does he 
allocate such impressions to sources 1” 
a more or less permanently existing exter 
nal environment. He gradually acquires 
the processes of constructing his percep! 
of the external syorld through manip” 
lation and experiment. It may well P? 
that the tendency to do so is innate a” 
develops through maturation; but th? 
infant does require specific individu? 
practice and experience before he art iA 
at the concept of the world around a 
as permanently existing outside hims® 
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and independent of himself. Indeed, the 
notion of the complete independence 
and objectivity of the external world 
Seems not to be fully established until 
many years after birth. 
n Nad is it not obvious that this view 
a external „world must be con- 
ia e by the individual for himself, 
r e it cannot be directly “given” by 
ey impressions coming from 
ih ense organs? And since, sooner or 
the » Our perceptions and ideas about 
=, ae do become in general co- 
a Ce consistent, is it not probable 
with ea are coordinated in accordance 
Ditea on system of classification of 
infant: and ideas about them? If the 
tion 1s to be impressed by the repeti- 
TE coherence, and consistency of cer- 
miesa Mätions of sensory data, he 
of ata Opt some organized procedure 
in| cei) coordinating, and classify- 
k en data in an orderly manner. 
€ tin, lest classifications of data may 
Of the ed in relation to the satisfaction 
they os needs common to all children; 
supplies S upon the mother, who is the 
an of food, warmth, and comfort. 
ake wa the infant and the young child 
ance ped interested in the appear- 
and a = Phenomena they experience, 
Understand oy ane ae ang 
fied in a them. Thus data are classi- 
Z hag of the appearance and be- 
a external objects and situations. 
Substit assifications supplement and are 
of ne, ted for the classifications in terms 
velops Satisfaction. As language de- 
Value ae a tool of increasing 
classica miling the former type of 
Pg that to this type of classifi- 
Concept bee usefully apply Bartlett’s 
efines th, the “schema” (3). Bartlett 
© schema ? as follows: 
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2 
For 
a ` 
and of i fuller discussion of this definition, 


Schema » relation to other uses of the term 
> See Oldfield and Zangwill (26). 


“Schema” refers to an active organization of 
past reactions or of past experiences, which 
must always be supposed to be operating in 
any well-adapted organic response. That is, 
whenever there is any order or regularity of 
behavior, a particular response is possible 
only because it is related to other similar re- 
sponses which have been serially organized, 
yet which operate, not simply as individual 
members coming one after another, but as a 
unitary mass (3, p. 201). 


Thus we may regard schemata as per- 
sistent, deep-rooted, and well-organized 
classifications of ways of perceiving, 
thinking, and behaving. They are based 
upon the individual’s knowledge of 
“what sort of thing to do in, and about, 
certain kinds of situation.” Thus they 
involve the classification of (a) situa- 
tions of related kinds; and (b) kinds of 
behavior appropriate in these situations. 
But the behavior and its results react 
back upon the classification of situa- 
tions. If the results prove unsatisfac- 
tory, the classifications of both situa- 
tions and behavior may be modified until 
they appear to be more realistic and 
more appropriate. Thus schemata are 
not in themselves stereotyped habit sys- 
tems, though in certain circumstances it 
may be that they will degenerate into 
such habit systems.’ There is no doubt, 
however, that the individual’s motiva- 
tional tendencies will operate in such a 
way as to build up and strengthen 
schemata which lead to behavior that 
satisfies need and to modify or suppress 
those which do not. 

The essential point to note is that the 
use of a concept such as that of the 
schema reflects the fact that our per- 
cepts, thoughts, and behavior are on 
the whole consistent and orderly—rea- 
sonably appropriate though not neces- 
sarily logical—and that they are con- 
sistently related to previous acts of per- 
ceiving, thinking, and behaving. Thus, 


3 Recently H. Kay has, in an unpublished 
thesis, given evidence that old people’s be- 
havior shows signs of such deterioration. 
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in investigating the operation of sche- 
mata, we must endeavor to find if the 
observer shows some consistent method 
of classifying perceptual situations in a 
realistic and meaningful manner. Fur- 
thermore, we must note if there is evi- 
dence that this type of classification has 
been built up through individual per- 
sonal experience or interest, in which 
case there may be considerable indi- 
vidual differences in perceiving the same 
situation (such as the responses I have 
quoted elsewhere [44, pp. 262-263] 
to a reproduction of Sickert’s picture, 
“Brighton Pierrots”). Or if the systems 
of classification are shared by members 
of a group having, for instance, a com- 
mon culture or type of education, we 
may expect that the percepts of these 
people will be alike but will differ from 
those of other groups. Lastly, there are 
many schemata related to the spatial 
and temporal relationships of objects 
in the external environment which are 
probably acquired by almost everyone 
in the course of his ordinary everyday 
life. It is not always easy to detect the 
manner in which perception is deter- 
mined schematically, since often we are 
unaware of the background of knowl- 
edge and experience to which our pres- 
ent perceptual behavior is related. But 
it is, I think, quite essential to the un- 
derstanding of our immediate perceptual 
reactions to take into account these 
organized classifications of knowledge 
about the physical and social environ- 
ment which guide and inform us as to 
“what is the sort of thing to do about 
the sort of thing we now see.” * 


OPERATION OF SCHEMATA IN EXPERI- 
MENTS ON PERCEPTUAL AND 
Form QUALITIES 


‘Although the sensory data are ac- 


curately recorded at some level in the - 


4This appears to correspond to Postman’s 
views (31) on the categorization of “per- 
ceptual response dispositions.” 
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central nervous system, nevertheless, it 
does not seem that we are ever directly 
or consciously aware of anything cor- 
responding to the sensations of Titchen- 
erian theory. Instead, we perceive stable 
solid objects, enduringly located in the 
world around us. This “visuale world” 
is perceived, and we react to it, in ac- 
cordance with the schemata we have 
built up for ourselves from infancy up- 
wards. But we do also perceive that 
certain aspects of the external world do 
at times vary independently of one an- 
other, and that they cannot, and must 
not, always be determined by our ideas 
of the general nature of the external 
world and the objects which it contains. 
Perhaps only the sophisticated Westerner 
has gone to much trouble to distinguish 
these particular aspects and their W- 
herent differences and variations. For 
it is only by a considerable effort © 
differentiation and abstraction from bis 
total perceptual experience that he can 
perceive them at all. Moreover, this 
abstraction is never complete. What n 
perceived is always affected to some &* 
tent by the global schematized perceP” 
tion of the total field; and other aspect 
of the field are always liable to slip 
and distract the observer. 7 
Now it seems that most of the expe” | 
mental work which has been carried 0" 
on perception depends on the ability g 
the observer to abstract more or ez 
completely certain aspects of the pai 
ceived field from the total global i? 
pression. In particular, all so-callé 
“sensory” experiments are of this natu!’ 
They indicate that the trained and § 2 
phisticated observer can analyze his pon 
ceptual field, and differentiate certai 
parts of it from the remainder, W” t 
considerable finesse, Furthermore, 
seems to be true that the degree of PO? 
sible differentiation is fairly consiste” | 
both in the same observer from time | 
time, and also between different 
servers with the same degree of trai™ 
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Tt has been assumed that in such ex- 
periments, the abilities of the sense or- 
ae ne respond to and discriminate 
N lare being measured. It would be 
che aeree to say that when the situa- 
ede arranged in such a way that the 
S ab stimulus is varying in one way 
ne and all other stimulus qualities 
tions aintained constant, then the varia- 
kis what is perceived are largely a 
ator n of that stimulus variable. But 
onan schemata are nevertheless 
e a in the construction of the per- 
Eea Aine they will vary greatly be- 
Ea H aan observers with different 
and ee sophistication and training, 
ate aie who have built up appropri- 
Sponge Era of observation and re- 
who T react differently from those 
tions ass ee Furthermore, in situa- 
other i are not limited in this way, 
Percepta emata will operate, and the 
from th will be differently constructed 
Ka e sensory impressions. 
ception” i many experiments on per- 
a ae Gibson (13) has stressed, 
i total ver is required to abstract from 
e aeien small differences in 
jecteq mae of two-dimensionally pro- 
tarily. apes, shown to him momen- 
Struct so € learns by experience to con- 
Considerable percepts of this type with 
Ten lear € facility. Whether all chil- 
taut na recognize representations 
TE rom their outlines is impos- 
Up in Yy. Certainly children brought 
facili y estern civilizations acquire this 
C S early age, presumably by 
tight 8 together visual impressions 
p teeived «a gradients and tactually 
Matter of edges.” But when it is a 
Outline Perceiving nonfepresentational 
Quently pings, of the kind so fre- 
Ogists used by the gestalt psychol- 
SUsly aco; dividual has little previ- 
The ued experience to assist him. 
by the Ai may be characterized 
tom the are to differentiate the parts 
whole, as is shown in many of 
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the gestalt figures and in the visual il- 
lusions. 


OPERATION OF SCHEMATA IN 
“CONSTANCY” EXPERIMENTS 


In experiments on the “constancies,” 


the observer is required to differentiate 
and abstract aspects of his total experi- 
ence in a way that is quite unfamiliar 
to him. The child has learned in the 
course of his development that objects 
may retain their identity, and hence 
their “real” shape and size, although 
the visual aspects of their shape and 
size vary as their spatial position varies. 
This he learns at a comparatively early 
age with objects which he can reach 
and handle, but at a much later age, as 
Piaget (27, 28) has shown, with distant 
objects which he cannot manipulate. In 
the end, however, he can make this act 
of identification even when, for in- 
stance, distant objects appear actually 
as little more than dots on the land- 
scape. Furthermore, on the basis of 
impressions of projected size and shape, 
he can and does make fairly accurate 
estimates of the distance and spatial 
orientation of the objects. What he is 
never required to do, and cannot do 
with any accuracy, under normal condi- 
tions, is to estimate their projected size 
and shape. (Piaget and Lambercier 
[30] have shown that this is done more 
accurately by younger children, aged 
7-8, whose percepts are less closely 
linked to the spatial framework, than by 
older children, aged 9-10; after that, 
the ability improves somewhat as they 
become more capable of making abstract 
judgments.) Yet this is what the ob- 
server is required to do in experiments 
on size and shape constancy. The un- 
sophisticated observer naturally finds 
this task difficult. In estimating oor 
matching the size of distant objects, he 
is apt to choose the size which the ob- 
ject would appear to have if it were 
close to him. He uses both his knowl- 


184 


edge of the size of the object as such, 
and also schematized knowledge relating 
this size to the retinal projections of ob- 
jects at distances which can be judged 
from other criteria. But suppose that, 
instead of being required to estimate 
the perceived size of the object, he is 
asked to estimate what fraction or seg- 
ment of the total field of view it covers. 
Then, as Joynson (17) has shown, the 
estimated size approaches that of the 
retinal projection of the object. Much 
the same procedure must be adopted by 
anyone who attempts to make a land- 
scape drawing. He must try to estimate 
the size of the spaces between objects, 
as well as of the objects themselves; 
otherwise the latter will be drawn too 
big to fit into his drawing. Thus the 
object is judged to be of one size if it is 
regarded “figurally,” as an object in it- 
self, and of another size if it is per- 
ceived as part of the “ground.” 

A somewhat different situation seems 
to arise in experiments on shape con- 
stancy. Here the observer rarely judges 
the shape of the inclined object to be 
exactly the same as that of the object 
in the frontal parallel position, unless 
the angle of inclination is very small. 
Thus if the object is a circle, his judg- 
ments become more and more elliptical 
as the angle of inclination is increased. 
It is possible that in the course of our 
upbringing we learn to perceive two- 
dimensional shape as such, and apart 
from the object concerned, with a fair 
amount of accuracy. The observer at- 
tempts, in the experiment, to apply this 
schematic perceptual category to the 
estimation of projected three-dimen- 
sional shapes. In effect, he says to him- 
self, “This tilted circle looks elliptical.” 
But he cannot judge very accurately 
ho'w elliptical. 

It is not justifiable, I consider, to 
compare the processes of estimation 
which occur under normal conditions 
with those which operate when the ob- 
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ject is exposed in such a way that only 
its projected shape is visible. Such 
estimates are made when the object is 
viewed monocularly, with no variations 
of lighting or surface texture, and with 
all surroundings concealed. The nor- 
mal schemata are not brought ‘nto ac- 
tion, and the variations of the percept 
are determined by the only variation 
perceptible—that of projected shape- 
In the experiments of Ittelson (15), ` 
however, the observer perceived a single 
shape continually varying in size. His 
schematized ideas as to the persistent 
nature of objects, which frequently 
change their distance but, not their sizè, 
suggested to him that, when the area o 
retinal stimulation varied, the object 
was in fact moving rather than expand- 
ing or contracting; and that was what 
he perceived. Again, in the experiments 
of Langdon (20), a circular outline 
shape made of wire was rotated about 4 
vertical axis, in such a way that its pf” 
jected shape varied continuously. d 
shape of the object was then estimate 
as somewhere between that of the circl 
and the projected shape, thus approach” 
ing the estimate that would have bee? 
made under normal conditions of Pe 
ception. Possibly, once more, the con 
tinuity of experience was the importan" 
factor; and the rotating outline was P? 
ceived in somewhat the same way 35 
stationary solid object whose spat!® 
orientation was clearly visible. $ 

A rather different schematic dete 
mination of perception again appears 5 
operate in brightness—or “whiteness , 
—and in color constancy. Here also. 
is true that what we are concerned W' 

5 Langdon states thit it often appeared a 
the observers that the wire shape was a 
squeezed in and out, rather than rotated, 
that this made no difference to their estim® 
It is possible that they developed a proce 
“set? in matching which was too well-e 
lished to be disrupted. 


8 In accordance with the usage 0 
(42) and of Koffka (18). 
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in ordinary everyday life is the in- 
trinsic or normal whitenesses and colors 
of objects—those which appear in or- 
dinary daylight. Over a wide range of 
Bees and hue in general illumina- 
Eien do ignore changes in perceived 
Sine pe and color of objects. At the 
match Ime, if an observer is asked to 
abies. the whiteness or color of white 
Aint exposed in dim or colored light, 
in bri fe or colored objects exposed 
is ight white light, it will appear that 
pee tions of the former have be- 
say, hoy modified—that is to 
with a y are less white or are tinted 
bù ie or. Now it may be that al- 
eee we can accurately differentiate 
place ae whitenesses or two colors 
tic side by side, we have no sche- 
e e ories appropriate to the 
Whiten ering of absolute degrees of 
tried i or color. Anyone who has 
fabric i, remember the exact hue of a 
her F order to match it against an- 
the Rin). in white light, will confirm 
istrue malty of this task. We have, it 
ge of eveloped some schematic knowl- 
color of the changes in whiteness and 
Ness sae with changes in bright- 
them, 7 hue of the light falling upon 
(47). on may be, as Wallach argues 
the pro at we have learned to assess 
is Rien of incident light which 
Solute aS to us, rather than the ab- 
Stancy oe Thus whiteness con- 
Portion 3 perceived as long as the pro- 
constant. ratio remains approximately 
Complete] But this judgment is not 
itenes Yy accurate, and constancy of 
in bane and color is in general less 

ky ay of shape and size. 
CUSsion Re of course, claim that this dis- 
®xhaustiy e ‘constancies” has covered 
Exhibit ey all the phenomena they 
Vances is argument merely ad- 
Which ae New approach to the subject, 
ent py Ut suggest a somewhat differ- 
for RE of experimental investigation, 
ance, studies of the relation of 
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constancy judgments made in different 
types of naturalistic surroundings, and 
with different types of experimental in- 
structions. Those of Gibson (12) con- 
stitute a valuable beginning which needs 
to be followed up. Above all, it is im- 
portant that the observers should at- 
tempt to report in some detail the na- 
ture of the phenomena as they actually 
perceive them, and thus demonstrate 
the individual differences in their per- 
ceptions. 


RELATION OF SCHEMATA TO MOTIVA- 
TIONAL FACTORS 


I have argued that we perceive cer- 
tain aspects of the perceptual field in 
accordance with the schematic category 
of events to which at the moment they 
seem to appertain. Since these sche- 
mata develop differently according to 
different individual experience, it can- 
not be assumed that percepts which may 
be claimed to be, logically and objec- 
tively, of the same kind—for instance, 
the “constancies”—will in fact follow 
the same logical principles or “laws.” 
Furthermore, the operative schemata 
can up to a point be varied by the in- 
tentions of the observer—by his concern 
with certain aspects of the field, and his 
lack of interest in others. The indi- 
vidual can choose to some extent what 
he will perceive. But it has generally 
been found that in carrying out skilled 
perceptual tasks, for instance, the ob- 
server cannot perform satisfactorily, 
however strong his motivation, merely 
by intending from moment to moment 
to concentrate on particular aspects of 
the field. He must be instructed before- 
hand where and how to direct his aware- 
ness, and he must acquire facility in this 
by repeated practice. In other words, 
he must build up the appropriate sche- 
mata for the selection, assimilation, and 
interpretation of the appropriate sen- 
sory data. The formation of the sche- 
mata is strongly motivated and stimu- 
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lated by interest, but the actual percepts 
are not directly determined by the 
motivation. The construction of such 
schemata is a necessary part of the 
training of aircraft spotters, radar and 
Asdic operators; and in a variety of 
industrial tasks of inspection and of 
grading materials. 

The schemata operating in perception 
perform two functions: (a) They pro- 
duce a condition of expectation in which 
the observer is not merely on the qui 
vive, but also knows what to look for— 
what particular sensory data to select 
from the incoming flood. (b) He then 
knows how to deal with these data— 
how to classify, understand, and name 
them, and draw from them the infer- 
ences that give the meaning to the per- 
cepts. We are sufficiently familiar with 
the case of the unsophisticated student 
who does not even see the minute de- 
tails of, for instance, biological speci- 
mens, from which the expert can derive 
the most important information. An 
interesting study of such cases by John- 
son (16) demonstrated the manner in 
which students could be directed to ob- 
serve the essential points of specimens, 
etc. seen under the microscope, which 
they had hitherto overlooked, and not 
to make incorrect inferences about them. 
Another instructive example of this 
phenomenon occurred in an experiment 
by Fox (11), who showed pictures of 
armor to students, and required them 
afterwards to report what they remem- 
bered of the pictures. He found that 
if he gave the students some preliminary 
instruction on technical details, and if 
they thoroughly understood and as- 
similated this information, then subse- 
quent performance was superior to that 
of the uninstructed. But if, on the 
other hand, they did not fully assimilate 
the instruction—that is to say, it had 
not been fully absorbed and schematized 
—then it did not assist them at all, but 
merely confused ‘them. 
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Now it might be argued that such 
highly skilled perceptual tasks were 
characteristic only of the expert, and 
had little relationship to the perceptions 
of ordinary everyday life. The distinc- 
tion seems to be one of degree rather than 
of kind. It was pointed out above that 
young children were, in general, in- 
tensely interested in and curious about 
the external world and the objects and 
events within it. Is it not probable 
that for many of them the same features 
of the environment are important and 
interesting, and that therefore they 
build up similar schemata on which tO 
base their subsequent perceptions? Thus 
Piaget has described the development 
of schematized ideas and corresponding 
perceptions of movement (29), causal 
phenomena (27), distance and space 
(28), and many others. Though his 
observations covered only small num- 
bers of children in one particular is 
vironment, it seems probable that # 
children must develop such schemata 
sooner or later in order to adjust mem 
selves to the surrounding world. BU 
insofar as their environments differ, £7 
instance, as between town and country 
dwellers, then different schemata 2” 
also developed. 

Such differences in individual exp? 
ence also seem to operate in what © 
called “social perception.” It is 4 sul 
ject too wide to discuss here in deta! 
But I would include in it both the abilit? 
to perceive and act upon fine shades o 
behavior and emotional expressio” 
others; and also differences in the ©° 
struction of percepts from given senso” 
characteristics. There is little d0% 
that particular’ interests and sentime” 
affect the ability to develop schem? 5 
for classifying and responding apes 
priately to what we perceive in the ; ob 
havior of others. As regards the select ed 
of particular sensory data, it appea t 
in the experiments of Marks (24) * 4, 


individuals with pro-Negro sentim® 
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developed schemata which enabled 
cae to perceive and remember in 
ae ae detail than those without those 
oR ents the characteristic facial dif- 
is ces between different Negroes. In 
pe De iment of Seeleman (41), Ne- 
lished themselves seemed to have estab- 
hich schematized scales of facial color, 
of oe pan determined the estimates 
Beni; which they made in the experi- 
ae ee that some long-term 
partion ased upon the interests of a 
ees T social class was operating to 
more y i overestimation of size of the 
ae f uable coins in the famous ex- 
a of Bruner and Goodman (6). 
not Ba the dust of controversy has 
alts aes upon the methods and re- 
faitly ce this experiment. It seems 
eae that, as in the experiments 
man and by Ansbacher (1) and Post- 
ability t age (37), there was an in- 
a ONE isolate a single aspect from 
© know Percept. But one would need 
to decide more about the poor children 
Bteater rj why their overestimation was 
an an that of the well-to-do. 

the hes er, in these and other cases 
Š eee were very complex, and 
A ie which brought different sche- 
Moment © operation from moment to 
Probablen® obscure. Although it seems 
tinuous that in prolonged and con- 
veloped perceptual activity, highly de- 
tend to bi motivated schemata will 
assume Saag it can by no means be 
function at any particular schema will 
ticular] at any particular moment, par- 
indetermirn Somewhat ambiguous and 
Petimente e situations. In some ex- 
Scopic at Such aş those on tachisto- 
to infor on there may be nothing 
any, of hi the observer as to which, if 
© parti schemata are appropriate to 
Th Cular material presented to him. 
_ Circumstances, schematic de- 
TSA of the perceptual response 
Weak and unclear; no one 
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schema can function very effectively, 
and the observer may be quite uncer- 
tain what to look for and to select from 
the visual field. He is then prone to 
develop, as a reaction to the experi- 
mental situation, a cognitive “set” which 
causes him to expect and hence to per- 
ceive the type of material indicated by 
the instructions or the conditions of the 
experiment. Thus in one experiment 
(43), I presented tachistoscopically to 
a number of airmen a series of rather 
bizarre pictures, terminating in a simple 
picture of an airman in a cockpit. Sev- 
eral of them failed to recognize the pic- 
ture, and it seemed that this failure was 
due to a set established by the preceding 
pictures to perceive “something queer.” 
In this situation they had no reason to 
suppose that any particular schema, for 
instance one related to their professional 
interests, would be appropriate; thus 
their perceptions were determined by 
the short-term cognitive set. Of course, 
had this type of situation been indefi- 
nitely repeated, and had they been satis- 
fied that their responses were appro- 
priate to the situation, the set might in 
time have developed into a schema re- 
lated to this situation. Such schemata, 
as was noted above, may be built up by 
observers who have had prolonged train- 
ing and experience in experiments on 
sensory qualities. 

We may now proceed to examine 
some of the experiments which have 
purported to demonstrate the direct ef- 
fects of short-term need states upon 
perception. It must be noted that in 
many of these experiments, also, there 
may have been no schema available to 
direct, in a clear and unambiguous man- 
ner, the observer’s expectations of what 
would appear, or his selection from the 
sensory data presented. But, indeed, 
in some of these experiments it hardly 
seems that we are dealing with percep- 
tion based upon external stimulation; 
put rather. with the projection of inter- 
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nal imagery upon the external situation. 
The latter process appears to have oc- 
curred in the experiments of Levine, 
Chein, and Murphy (21) and of Mc- 
Clelland and Atkinson (22) on the re- 
porting of “food objects” by hungry ob- 
servers in response to subliminal stimu- 
lation, or to no stimulation at all. Yet 
Postman and Crutchfield (36) have 
since shown that even a temporary 
cognitive set established by instructions 
to expect to see words connected with 
food was more effective in stimulating 
the perception of such words than was 
actual hunger. After all, why should a 
hungry individual expect to see words 
connected with food, or even pictures of 
food, in a tachistoscope? Why should 
he wish to do so? But there is nothing 
to be gained by confusing processes 
which are initiated by sensory stimula- 
tion with those for which there is no 
known sensory basis. This applies also 
to the Rorschach responses, for instance, 
which consist of imagery that the ob- 
server himself can differentiate from the 
immediate percepts (cf. data reported 
in the chapter by Dennis in Blake and 
Ramsey, 5). Indeed, it is probably 
true of all situations in which the sensory 
data are so scanty that the individual 
is forced to construct something imagi- 
natively. Even if it is impossible to 
draw a hard and fast line between these 
situations and those of normal every- 
day perception, it is still undesirable to 
extend conclusions based upon the for- 
mer to cover the latter also. 

In many of the genuine perceptual 
experiments employing the perception 
of words, it appears that perception was 
determined by the long-term schemata 
which direct this extremely subtle and 
highly skilled activity. In particular, 
the effect of familiarity, a function of 
these schemata, is always great. No ac- 
curate compensation for individual dif- 
ferences in familiarity can be provided 
by the use of the Thorndike-Lorge word 
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count, since highly educated individuals 
vary greatly in their familiarity with 
the more uncommon words, and it is im- 
possible to measure this variation. Fa- 
miliarity, however, is probably at least 
in part a function of schemata built up 
in accordance with individual interests. 
The individual develops particular sets 
of ideas, and words to express them, 
which are related to his interests. This 
indeed appeared in the experiments of 
Postman, Bruner, and McGinnies (35) 
and of Postman and Schneider (38). 
Here the tendency was for observers to 
perceive most readily words, and espe- 
cially unusual words, which were related 
to their prevailing interests. 

In another type of experiment, for 
instance, those of Verville (45) and of 
Verville and Cameron (46), the ob- 
server’s ability to perceive incomplete 
pictures appeared to be inhibited as the 
result of certain frustrating experiences 
which they had received not long Þe- 
fore. The same effect upon the reading 
of words was demonstrated by Postman 
and Bruner (34). It seems probable 
that in these experiments the observer 
became accustomed to the occurrence © 
a task which was too difficult for him tO 
accomplish, and in most cases resigne 
himself to failure. However, Erikse® 
(10) reported that observers who forgot 
their previous failures were slower tha 
those who did not, to perceive words 
which were likely to affect them emo- 
tionally—those to which they gave # 
long reaction time in a free associatio® 
test. Thus it may be that in some case 
an experience of failure may stimulat? 
the observer and set up an increase 
concentration of ‘attention. 

But most of the experiments on tbe 
so-called “perceptual defense” have Prob 
ably been affected by differences in £4 
miliarity with the “taboo” words P!& 
sented. Again the Thorndike-Loret 
word count seems singularly inadequat 
for equating the familiarity of the 
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Words with the familiarity of the “neu- 
tral” control words. Familiar acquaint- 
aay with “rude” words, the readiness to 
ae them without hesitation, and the 
ae e complex of emotions tied up with 
an are likely to vary enormously 
ae different individuals. Indeed, 
ae lerable variability in these respects 
a indicated in the experiments of 
ae Postman (7) and of Cowen 
man eier (8); though Bruner and Post- 
differ provided a control on individual 
aie by measuring the reaction 
of th, in free association. That many 
boo. observers did dislike saying the 
in lee out loud was clearly shown 
and K comments quoted by Bitterman 
Bath (4) of observers whose sus- 
ay ities had obviously been out- 
ect However, it seems that this ef- 
Eitan off as the observers became 
A seat to the situation, according 
fe results of Lacy, Lewinger, and 
moved p (19). That it could be re- 
write th y allowing the observers to 
Special 1e words, and by giving them 
fon eons to do so, appeared 
Grop e experiment of Postman and 
hag eet (32). Once these difficulties 
Ree, Overcome it seemed that, in 
site the taboo words were perceived 
rather y than the neutral words, 
Nor an more slowly, as McGinnies 
Originally suggested. Thus it may 
o e in certain circumstances the ease 
tional €ption may be increased by emo- 
clusions o tement. However, the con- 
are of a drawn from these experiments 
Effects be import, because of the 
i bait differences in familiarity; and 
ments iN may also be true of experi- 
A poed out with pictures, such as 
ficult of Eriksen (9). Tt would be dif- 
Lage ena that these emotional 
au, etermined the actual nature of 

č oe Perceived. 
it diq ae now to experiments in which 
Ppear that what the observers 


Perce; 
ej : : 
ved was in part a function of 


motivation set up during the experiment. 
In the experiments of Proshansky and 
Murphy (39) and of Schafer and 
Murphy (40) the observers were found 
to accentuate certain aspects of what they 
perceived and to reject others, insofar as 
the former were presented in conjunction 
with a “reward,” and the latter in con- 
junction with a “punishment.” For 
the reward money was given them; and 
for the punishment the money was taken 
away from them. The experimenters 
satisfied themselves that the observers 
did not become consciously aware of the 
connection between the particular as- 
pects of the field, and the reward or 
punishment, so that they did not de- 
liberately choose the former and reject 
the latter. But it is important to note 
that in the experiment of Schafer and 
Murphy, the rewarded aspect was fa- 
vored by contrast with the punished 
only over a limited period. After about 
sixteen responses, the observers devel- 
oped cognitive sets based upon the na- 
ture of the experimental material, which 
thereafter completely determined what 
they perceived and eliminated the ef- 
fects of the reward and punishment. 
Thus, in these experiments the reward 
and punishment situation did for a time 
affect the observers’ selection of certain 
aspects of the field. But the effects 
were apparently unstable; and there was 
a tendency for the observer to develop 
a cognitive set which was more stable 
and effective. This result parallels that 
of Postman and Crutchfield (36) with 
the food words. Haggard and Rose 
(14) tried to show that the amount of 
additional activity carried out by the 
observer in connection with his per- 
ceptual activity was also a factor of im- 
portance; and it may be that such ac- 
tivity would be related to the estab- 
lishment of sets. But the evidence was 
obtained from experiments on the “auto- 
kinetic effect,” a phenomenon which can- 
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not be termed wholly perceptual since 
it is at least partly illusory. 

Stronger evidence of the direct effect 
of motivation upon perception is given 
by the experiment of Postman and 
Brown (33). They found that ob- 
servers who had been told that they 
had “succeeded” (surpassed. their level 
of aspiration) in certain tasks were rela- 
tively quicker than those told they had 
“failed” (fallen short of their level of 
aspiration) to perceive words related to 
success (excellent, succeed, perfection, 
winner); whereas those told they had 
failed were quicker than those told they 
had succeeded to perceive words related 
to failure (failure, unable, defeat, ob- 
stacle). Here it seems unlikely that 
the results could be attributed to dif- 
ferences in familiarity with the different 
words. Moreover, the experiences of 
success and failure were set up in the 
experimental situation and did not re- 
flect any inherent individual tendencies 
to optimism or defeatism. There is at 
present no evidence as to how this ef- 
fect upon ease of reading these par- 
ticular words would compare in extent 
or permanence with that of a cognitive 
set or established schema. But the 
motivation had at least a temporary ef- 
fect upon the observer’s selection from 
the sensory data supplied to him. 

The fundamental criticism of the ex- 
periments designed to show the direct 
effects of motivation upon perception is 
that they do not appear to take into 
account what this motivation might 
make the observer expect to see. As we 
have noted, in situations closely linked 
to an established interest, and those in 
which the observer received some spe- 
cific training, he is on the lookout for 
certain aspects of the field of view and 
thus:perceives them readily. But in the 
experimental situations, he may not 
know what to expect; and he has no 
Teason, in most cases, to expect that 
anything related te. the satisfaction of 
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his needs will appear. Thus sets are 
readily established by the experimental 
conditions to perceive certain phenom- 
ena which are stressed by these condi- 
tions. To determine more clearly the 
effect of motivation, further thought 
and experiment are required to work out 
what are the aspects of a complex per- 
ceptual field which an observer in 4 
state of unsatisfied need might look for 
and select. It may then appear that 
those features are the ones which have 
become schematically related to the 
need state and to the behavioral re- 
sponses to the field which tend to sat- 
isfy the need. 


CONCLUSIONS 


It is true that we cannot at the mo- 
ment predict the exact mode of opera- 
tion of the schemata of any given indi- 
vidual in any particular set of circum- 
stances. Neither can we hypothesize 45 
to their neurological basis; although 
Oldfield (25) has recently advanced 4 
suggestion as to how they might be e* 
plained in terms of the circuital storage 
devices of modern computing machines: 
But even in default of such an explana- 
tion, I would argue that the concept © 
schemata and their functions is of value 
in systematizing the following observa 
tions: 


1. Percepts of the surrounding world, 
the objects it contains and their inte" 
relationships, are not infinitely variable, 
sporadic, and inconsistent. Neither 
the percepts vary in a one-to-one rela” 
tionship with the sensory impressio” 
produced by external stimulation, 2” 
though there is sbviously a close CO! 
respondence. 

2. Percepts are consistent; they hav® 
a continuity of meaning and make sens® 
The meaning and the sense are esta 
lished by the coordinated knowledge ‘d 
the observer about the external eee 
and its happenings, and about the tyP® 


wa 
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of behavior appropriate and satisfactory 
in different perceived situations. 

3. The percepts of different observers 
of the same situation may in certain 
Circumstances differ greatly from one 
another. But these variations do not 
Reer to be purely random ones; there 
S some correspondence between the 
pedes of perceiving of any given ob- 

ver. Different observers have built 
R different schemata in accordance with 
N differing individual experience and 
this Interests which lead them to seek 
cae aaa Their expectations and 
T selection of what they perceive are 
saat determined schematically. But 
ence. eXperimental evidence is re- 
vat. to work out these relationships in 

; evidence which must be obtained 
he ra careful study of individual cases, 

A particular knowledge and interests. 
ne a many of the experiments on 
with Ption, the observer is presented 
Penta Sr uation in which his existent 
m a a cannot operate freely, nor tell 
ate’ ts at to look for. The sensory data 
a nT or ambiguous, and cannot 
of ex uy fitted into existing categories 

3 phe pence! In these circumstances, 
Y sh server is rather readily influenced 

f ecm cognitive sets based upon 
R AEA conditions of the experiment. 
4 eeu conditions, such sets may 
mata Y develop into long-term sche- 
fected b is perceptions may also be af- 

Be y temporary need states, though 
Not be argued that these effects have 
Xperi en as clearly established as some 
icu nae enters have maintained. Par- 
what ae , we have little evidence as to 
might i observer in such states of need 
Particu for or wish to perceive in any 

eref ar experimental situation. It is 

Ore difficult to draw any con- 


clusi 
ee from these experiments which 
tions eke on the fundamental rela- 


tion Woe perception and motiva- 
everyq n contrast, in the perceptions of 
ay life, schemata established by 


previous experiences are available to 
direct us in perceiving certain aspects of 
the environment and reacting to them 
appropriately. It would, therefore, be 
most valuable to study the consistent 
modes of perceptual behavior which are 
shown by different individuals in situa- 
tions more like those of everyday life 
than the situations encountered in so 
many perceptual experiments. 
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TE movement in psychology most 
Unica concerned with the challenge of 
Sina, 1on with the exact sciences is be- 
major PEA At the present time, two 
ae actions are discerned within be- 
ull oe One, represented chiefly by 
3 at 6), tries to elaborate classical 
maliz ee into a tightly woven, for- 
traonsc, stem of strict laws about in- 
one coe processes in the nomo- 
inay radition of physics. The other, 
pea nted chiefly by Tolman and his 
ERE of molar or “purposive” be- 
ehavi sn (AZ) , attempts to deal with 
ie Ai relative to some end” and 
aditio, restructure behaviorism in the 
lon of the utilitarianism of Dar- 


XT ` 
and = series of papers by Egon Brunswik 


tr, 


discussi Leo Postman, and of the following 
Krech on papers by Ernest R. Hilgard, David 
are ag, ctbert Feigl, and Egon Brunswik, 


Posium pod from the first part of a sym- 
the chai eld, under the same title and under 
the Dirka ip of Edward C. Tolman, at 
ence, Mane Conference for the Unity of Sci- 
cont oy of California, July 1953. 
toa second ution by Kenneth R. Hammond 
RS originan more practically oriented part of 
‘Ssue of Thi symposium will appear in the next 
The q ìs journal (20). 
Boston annie for the Unity of Science in 
Contribute, ne „the conference, has 
Cation co; 2PProximstely one-half the publi- 
ip wee of these papers. 
Pande, Fee Paper has been considerably 
at the sy; yond the original exposition read 
Ever, are Postum of which it was part. How- 
vance of pos taken not to alter the sub- 
cent Paper argument on which the subse- 
USsion are baes rman and the ensuing dis- 


win and of early American functional- 
ism. 

It may be argued that nomothetic be- 
haviorism overexpands physicalism be- 
yond the necessary observational and 
procedural core and includes unessen- 
tial borrowings from the specific thema 
of physics. A functionally oriented ob- 
jective psychology, on the other hand, 
dealing as it does with organism-envi- 
ronment relationships at the more com- 
plex level of adjustment, may be seen 
as falling in line with a more searching 
interpretation of the historical mission 
of psychology. The present paper con- 
centrates on summarizing and expand- 
ing earlier contentions (2, 7, 8, 48) to 
the effect that the environment to which 
the organism must adjust presents it- 
self as semierratic and that therefore 
all functional psychology is inherently 
probabilistic, demands a “representa- 
tive” research design of its own, and 
leads to a special type of high-complex- 
ity, descriptive theory. This program 
provides not only the necessary the- 
matic diversification from the classical 


2The expansions beyond the earlier publi- 
cations listed concern mainly the use of a be- 
havioral example at the beginning of the 
paper; the brief consideration of such semi- 
representative policies as “canvassing”; cer- 
tain comparisons with factorial designs and 
the analysis of variance, as well as with non- 
functionalistic uses of probability in psychol- 
ogy; and a discussion of actual and potential 
applications to the clinical-social area and to 
related domains. a 
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natural sciences but also leads to the 
long overdue internal unification of psy- 
chology. 

We will develop our arguments first 
with the use of an example involving 
behavior as a “constant function” of a 
characteristic end state, and then in 
reference to the functionalism of the 
perceptual constancies where progress 
along methodological lines is somewhat 
further advanced. 


SYSTEMATIC DESIGNS AND THE STUDY 
or DISTAL ACHIEVEMENT 


Behavior as constant function. One 
of the earlier functional behaviorists, 
Holt, suggested that the movements of 
an individual be defined in terms of 
“that object, situation, process . . . of 
which his behavior is a constant func- 
tion. . . . So in behavior, the flock of 
birds is not with any accuracy, flying 
over the green field; it is, more essen- 
tially, flying southward” (24, pp. 161- 
166). This statement, rather paradig- 
matic of functionalist modes of thought, 
involves selective description. The pre- 
ferred hypothesis contains reference to 
a remote end (south); or, in the words 
of Heider (21), it sets “distal deter- 
mination” over “proximal determina- 
tion,” that is, in our case, over de- 
scription in terms of momentary posi- 
tion (green field). 


TIED 
VARIABLES 


DIACRITICAL 
DESIGN 


Green 
field 


a 


South 


Fic. 1. Systematic designs in the study of 
behavior constancy (applied to an example 
from Holt, 24). n 
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In defending his seemingly teleologi- 
cal attitude Holt points to the empha- 
sis some positivist physicists—we may 
think primarily of Mach—place on the 
relatively descriptive study of “func- 
tional relationships”; these may con- 
nect events over space or time regard- 
less of the traditional tracing of causal 
chains in near-action. 

Tied variables. Functionally irrele- 
vant generalizations. Holt’s problem of 
constant function involves generaliza- 
tion. One of the most time-honored 
traditions in experimentally testing gen- 
eralizability demands that one, or pel 
haps a few, conditions be varied in 4 
planful manner decided ‘upon by the 
experimenter while all others are held 
constant. The purpose is to assure 150- 
lation of the so-called independent vari- 
ables. For their arbitrary orderliness 
and confinement such designs may be 
called “systematic.” i 

For example, we may move the birds 
backward along the line of their flight, 
say, to position I in Fig. 1. The birds 
may persist in their original directio” 
and in this sense show generality of be 
havior. But it is easily seen that this 
experiment is irrelevant to Holt’s chose? 
alternative. The two directions, “south 
ward” (solid arrow) and “over t 
green field” (broken arrow) coincides 
allowing for all possible types of "° 
sponse, the two variables involved 
south vs. non-south, and green-field V$, 
non-green-field—are perfectly correlate 
and thus inseparable so far as 
available evidence is concerned. t 
constitutes artificially induced perfec 


confounding, and may be labeled ah 


This 


variables” design or, in short, tie 
sign. ts 
Responder replication, that is, Te 


A : ay, tbe 
tion with new individuals or with t $ 
siop? 


peti- 


original individuals at other occa: ee 
is likewise irrelevant to Holt’s alter f 
tive, regardless of the interindividu: 


pees $ Š ay 
intraindividual consistencies that ™ 


SS ee ae 


-and s 
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be observed. This must be pointed out 
in view of a rather deeply ingrained 
trend in psychology of throwing the en- 
tire problem of generalization and of 
Statistical significance onto the re- 
Sponder rather than onto the situation 
(7, pp. 36 ff.; further drastic evidence 
to this effect, unearthed by Hammond 
(18, 19], will be referred to in the sec- 
tion on clinical application). 
it 4 tacritical confrontation. Splitting of 
€d clusters vs. isolation of variables. 
Teal testing of Holt’s preferred 
until hypothesis does not even begin 
Sate adherence ; of behavior to the 
ally award direction is made situation- 
Bree Incompatible with adherence to the 
= | eee This could be achieved, 
nate y moving the birds sideways to 
ae lon II in Fig. 1. The two arrows 
Meee from the new starting point are 
divergent rather than parallel. 
aaa responder is placed at the cross- 
Piece, and forced to take sides. The 
“i aenead tied situational factors are 
of thi Confronted” (2); we may speak 
«g, S Variant of systematic design as 
lacritical” design. 
is ait en discover that southwardness 
ral tied to such factors as the gen- 
nies of start, temperature and other 
Mark ic conditions, topographical land- 
S, magnetic cues, and so forth; 
its s © is the greenness of the field to 
ci area So or size. What we have 
Separat, ished in diacritical design is to 
Passin e or “split” one original encom- 
tieq fs cluster into two subclusters of 
“iso Pepene: but we have not really 
Seemed q” our variable as it may have 
Not zat at first glances: and therefore are 
The entitled to speak of its attain- 
Hes a constant function. 
Cust ee as constant function. A 
to Holt? Perceptual problem comparable 
usage pag of the constancy of 
Stancy. a, flight is that of size con- 
~ The alternative here is between 


invariance of the response relative to 
the measured (or computed) sizes of 
the stimulus impact at the retina (or 
at a parallel photographic screen) as 
the proximal variable, which we will call 
P, and invariance relative to the meas- 
ured sizes of physical bodies underlying 
this impact as the distal variable, B. 
Size constancy involves the predominant 
focusing of the response on B. 

Classical psychophysics as pseudo- 
univariate design, With distances vari- 
ant as they are in daily life, there is a 
certain degree of statistical independ- 
ence between B and P despite the exist- 
ing causal nexus between them. Dur- 
ing the classical phase of psychophysics, 
however—still strongly in evidence to- 
day—the implicit design policy was 
artificially to tie the distal and proximal 
variables. For size this is achieved by 
holding the distance from the observer 
constant. A good example is the Galton 
bar. The task is molded closely after 
ordinary physical length measurement 
except that the lines are laid up length- 
wise rather than being superimposed. 
This creates a tied-variables design 
which is comparable to case I in Fig. 1. 
Note that the tying of the two variables 
is the direct result of a celebrated de- 
vice of systematic design, the holding 
constant of a third variable (in our 
case, distance). 

This design may also be cast into the 
form of a table of presence, or scatter- 
gram. Figure 2 presents the major sys- 
tematic designs in their minimal form, 
assuming only two levels of strength for 
each of the situational variables. In 
the case of the classical tied-variable 
design the two variables are perfectly 
correlated. All entries lie along a di- 
agonal. Photographic size (assumed to 
be plotted vertically as in Fig. 3) ds al- 
ways large when bodily size (plotted 
horizontally) is large, and vice versa. 
And judgments correct (or incorrect) 
concerning one of these variables are 
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VARIABLES 


DIACRITICAL 
DESIGN 
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FACTORIAL 
DESIGN 


Fic. 2. Minimal scattergrams of systematic designs. Repeatable in k dimensions. 


automatically correct (or incorrect) 
concerning the other, just as Holt’s 
birds, by flying south from position I, 
automatically must fly over the green 
field. The classical design therefore 
precludes decision as to whether the re- 
sponse focuses on proximal (photo- 
graphic) or distal (bodily) size; nor 
does it allow the conclusion that the re- 
sponse focuses on either, for that mat- 
ter. 

In the classical phase, the tying of 
variables was done inadvertently and in 
considerable naiveté as to the interpre- 
tational consequences involved. Since 
only the bar was directly manipulated 
and only one scale was read in doing so, 
the impression prevailed that there was 
only one independent variable. The 
notion of univariate design was some- 
what obliquely reinforced by the tend- 
ency to confine the concept of stimulus 
to the proximal stimulus variable that 
had been arranged to vary in unison 
with the bar. The Possibility of vary- 
ing degrees of dependent variability 
within the design itself was thus ignored 
and no provision was made to state the 
relationships explicitly, so much so that 
the term “dependent variable” could 
become synonymous with the organism’s 
eventual responses. Since classical de- 
sign purports to be univariate yet fails 
to isolate the distal from the proximal 
variable, it may be called “pseudo- 
univariate” design, and in our par- 
ticular example may be specified as 
proximo-distally neutral design. 

Thing constancy research as a form 
of multidimensional psychophysics. Fac- 
torial design. The- diacritical. confron- 


tation of distal and proximal size is 
achieved by removing one side of the 
bar to a different distance from the ob- 
server, say, a smaller one. This has 
an effect on design analogous to the 
moving of the birds from position I to 
position II in Fig. 1. It is now in- 
compatible for the two lengths to be 
equal bodily and photographically at 
the same time. The new combination 
of a relatively small bodily size wi 
a relatively large photographic size m- 
jected into the design is plotted in the 
upper left corner of the center chart mM 
Fig. 2. The forking or parting of the 
ways which is characteristic of diacrit}- 
cal confrontation may be visualized bY 
assuming the near object to be thé 
Standard and the far one the Compat- 
son, the latter being left to vary alon8 
the diagonal. 

By projecting the Standard two way’, 
along a horizontal and along a vertica 
line, to their respective intersections 
with the diagonal representing the CO™ 
parison series, we obtain two points o4 
objective equality (or POE, formed in 
analogy to Woodworth’s PSE for poi” 
of subjective equality [see 7, 53; 
One represents the variable P and t 3 
other B in the experiment. By opa 
trast, in a classical experiment ie 
Standard coincides with a point on t A 
diagonal and thus the two POE’s merit 
in one point, further supporting de 
erroneous impression of univariate 
sign of which we have spoken above 

The relative allegiance of the response te 
B or P, or the degree of perceptual “©. 
promise,” may be ascertained by inser o 
added values between (or beyond) the 
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ideal “poles of intention” (2) along the di- 
oa (7, p. 17, Fig. 4). The constancy 
i o (called Brunswik-ratio by Woodworth) 
PSE's aple device to project the obtained 
on 
POE». o the span between the two pole 
Ecte that the Comparison in psychophysi- 
«y, experiments has often been called the 
Reels,” so that not only classical psycho- 
eae but even our present diacritical ex- 
of en may give the superficial impression 
5 nidimensionality, in spite of the fact that 
a perenes of two POE’s clearly marks it 
In e of multidimensional psychophysics. 
esi Is sense we may say that while classical 
aay 1s Pseudo-unidimensional, diacritical de- 
1S crypto-multidimensional. 
fea adding a fourth point, diacritical 
also shown in Fig. 2. In 
ag this is no more than adding a 
added Image to diacritical design, with 
a advantages accruing by virtue of 
ienga cased symmetry. Some of the 
ployed constancy experiments have em- 
CRs a a double diacritical design 
See ff.) but they will not be 
discussed here. ; z 
iate packages and the indefinite 


re. Yi epe 
ress of systematic design. Diacriti- 


n wo 


Measured photographic size, P (log) 


REp 
Fto, 3 RESENTATIVE DESIGN 


Scattergram of an example of representa 


(adapted from Brunswik, 6, 7)- 
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cal confrontation or factorial design 
may be carried to several dimensions. 
Their number is, or at least should be, 
known to the experimenter; it may be 
designated by &. 

In analogy to what we have said 
about Holt’s example of bird migration, 
all results remain contingent upon the 
ties existing within the more or less in- 
cidental situational instance from which 
systematic variation has taken its start. 
If we use the term “variate” for the 
specific values along the various vari- 
able dimensions, each concrete situation 
may be regarded as a “variate package.” 
Originally, each of the particulars or 
variates in the package has equal claim 
for being singled out in the description, 
and one or a few factorial separations 
remove but little of this indeterminacy. 
Complete “systematic” isolation of one 
variable as the crucial factor would in- 
volve diacritical confrontation with a 
very large, and in fact indefinite, num- 
ber of originally tied situational vari- 
ables. 


3 4 5 
Measured bodily size, B (log) 


tive design used in the study of size constancy 
Analogously in x dimensions. ., 


f 
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REPRESENTATIVE DESIGN IN THE 
STUDY or DISTAL ACHIEVEMENT 


From a purely formal point of view 
the systematic confrontations would have 
to include the indirect cues for size and 
distance on which the mechanism of 
constancy must depend. But it is evi- 
dent that setting the distal variable 
against its own instrumentalities would 
cut out the ground from under the very 
function whose constancy is to be put 
to test. Tolman (47) has stressed that 
all behavior requires the presence of 
means or “behavior supports.” He has 
also pointed out that the only admis- 
sible operational criterion for the test- 
ing of “purpose” is the observation of 
the actual reaching of the end, at least 
in part of the behavior instances in the 
class under consideration. But reaching 
the south or any other distal goal, be it 
behavioral or perceptual, can obviously 
become a more or less stabilized func- 
tion only if the flight of the birds is 
allowed to take adequate advantage of 
the natural resources of orientation and 
locomotion, much as such man-made 
stabilizers as gun sights must be tested 
under conditions of practical use. 

Ecology and situational instance. 
Constant Psychological function thus is 
intrinsically limited, or probabilistic, 
rather than “universal.” Flying south- 
ward, being right about object sizes, or 
any other gross or “molar” behavioral 
or perceptual function can never attain 
the status of an ironclad and univer- 
sally applicable so-called “strict” law 
in the sense in which these laws were 
idolized in the classical phase of the 
natural sciences. The basic aim of our 
initial quotation from Holt requires de- 
limitation of a more specified universe 
within which the animal is set to oper- 
ate. "This is in line with the “syntactic 
requiredness” (22) to define all prob- 
ability in terms of a corresponding ref- 
erence class or universe. In line with 
biological usage we- will call this uni- 


verse “ecology.” An ecology is defined 
as the natural-cultural habitat of an in- 
dividual or group, but is otherwise free 
of contamination by the system of spe- 
cific responses. Rather, the ecology is 
the objective, external potential offered 
to the organism for ‘survival and its 
subordinate needs. Nourishment value 
of foods, as it exists prior to and re- 
gardless of its recognition or consump- 
tion by the responder, is an example of 
an ecological variable or set of vari- 
ables; object size and its system of cues 
enters via its relevance for manipula- 
tion or orientation. j F 
Since the responder merely acts like 
a catalyst in the definition of the ecol- 
ogy, the ecological environment is not 
to be confused with Lewin’s psycholog 
cal environment or “life space” which 
is defined as the reflection of a situa- 
tion within the response system (see 5): 
Situational instances in an ecology 
are analogous to individuals in’ a pop% 
lation of responders. Both may be ait 
sidered as sets of more or less incidenta 
variate packages. The difference is tha 
instances can be taken apart and Ga 
ated at the spur of the moment while 
individuals usually cannot. But, as Me 
have come to see, a program of fune 
tional research demands that they t° r 
be left as they come. We must res! 
the temptation of the systematic €% 
perimentalist to interfere, and must 17° 
troduce a laissez-faire policy for 
ecology. É 
Representative sampling of situation 
As we cannot possibly hope to encom” 
pass the entire population of indivi Ww 
als in research, but must sample repre 
sentatively, we rust sample instance 
in the study of functional achievem®?* 
Taking the cue from differential PI 
chology, we may transfer the enti” 
formal statistical instrumentarium ip 
veloped in the study of personality 
functional problems as a new conte? i 
This will assure, to any desired deg" 


sii neal 


REPRESENTATIVE DESIGN AND PROBABILISTIC THEORY 199 


of approximation, a balanced view of 
Psychological function as it comes about 
by a synopsis of performance under 
comfortable conditions, manageable vi- 
Cissitudes, and a due proportion of risks 
or well-nigh insurmountable odds. 
pee terns of experimental design there 
licen sa combination of constraint and 
a se in which the experimenter is in 
Mais than supervisory control over 
be Ae of sampling. There will 
ata range and a characteristic 
oe a ution of conditions and condition 
inhi If in this manner psy- 
eg experiments take on the char- 
rite of statistical surveys, we may 
Peak of “representative design” (7). 
me representative design in perceptual 
ia constancy, Since in representative 
eh ee accent is on sampling from 
Res ti ogy and on the generalizability 
ogy ot constancies to this ecol- 
etalisabinen than on sampling and gen- 
Bopatie, ity in reference to a responder 
or de ton, it was deemed advantageous 
pilot Monstration purposes to confine a 
aise survey of perceptual size con- 
a M to a single subject. Using for 
ibe ead of responders and N for the 
Ries the situation sample we thus had 
Psych ese a graduate student in 
situati, ogy; there were V = 93 object 
jects ons (6; 7, pp. 41 ff.). The ob- 
tando were sampled, in a reasonably 
m manner, from the sizes that be- 


Ca h 
daily “figure” to the subject in her 
E G in package with their 


l setting and accompaniment of 
E cues, 
varapo validity and dependent 
olo ity within the design. Textural 
sign m As in alb representative de- 
acter e design in itself has the char- 
sult it a result, even though this re- 
ne cts the ecology only and is 
Cholo Ay than the precondition of psy- 
sien 4 investigation proper. The 
Urve Obtained for our size constancy 
Y is shown in Fig. 3. The two 


major distal and proximal stimulus vari- 
ables are plotted logarithmically, B in 
terms of millimeters, and P in terms of 
millimeters at an assumed projection 
distance of 1 meter. 

The manner of covariation, defining 
what we have called dependent vari- 
ability within the design, may in first 
approximation be expressed by a cor- 
relation coefficient. In our case the 
Pearson r between the logarithms of B 
and P is .70. This coefficient estimates 
the cue potential of the proximal vari- 
able P relative to the distal variable B 
in the given ecology, in analogy to the 
way the validity of a test relative to a 
personality trait may be ascertained for 
a population of responders. A correla- 
tion between ecological variables, one of 
which is capable of standing in this 
manner as a probability cue for the 
other, may thus be labeled “ecological 
validity.” The study of ecological va- 
lidities, being bivariate correlational, 
defines what we may call a structural 
or textural ecology, in contradistinction 
to the emphasis on unidimensional dis- 
tribution (of temperature, precipitation, 
size of population centers, etc.) which 
is more typical of biological and a part 
of cultural ecology. 

Our particular coefficient indicates 
that large retinal impacts are somewhat 
more likely to be caused by relatively 
large objects, regardless of distance. 
Considerable as this relationship may 
seem, it is, as we shall see in a moment, 
trifling in comparison with the final 
achievement of the constancy mecha- 
nism. This gain becomes possible only 
by an additional utilization of distance 
cues. For some of the less valid of the 
commonly listed perceptual depth cri- 
teria, such as vertical position, subdivi- 
sion of space, and brightness, Seidner 
has found moderate ecological validities 
ranging to about .4 (report on prelimi- 
nary data in 7, pp. 47 ff.). It is easily 
seen that not even the so-called pri- 
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mary depth cues, such as binocular dis- 
parity, are foolproof in our ecology. 
For example, binocular disparity is 
present in the stereoscope, yet depth is 
absent in the underlying reality; in 
viewing reality through a camera, on 
, the other hand, binocular disparity is 
absent while depth is present in the 
chain of causal ancestry. 

In our present example the analysis 
was not carried to an explicit treatment 
of depth criteria and other context fac- 
tors. With the use of photographs, 
such as those Seidner had available for 
his analysis of depth cues, a great va- 
riety of them could be analyzed in a 
single enterprise. In fact, Fig. 3 must 
be seen as combining but two out of a 
practically unknown number, x, vari- 
ables. Since covariation must be al- 
lowed to take its natural course, the 
different juxtapositions would of course 
not look exactly alike, as they do in 
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factorial design, but would merely be 
analogous, forming in the end an x-di- 
mensional space in which all factors 
could be considered simultaneously. 

Quite aside from the avoidance of the 
pitfalls of systematic design—in which 
all factors held constant are lost for the 
investigation, and the resultant tied- 
variable clusters only lead to confusion 
—tepresentative design, while cumber- 
some and laborious, is thus potentially 
a very economical technique. 


Projections of the frequencies in Fig. 3 
upon the main axes are shown in Fig. 4. Our 
sample, restricted to sizes not tilted into the 
third dimension and thus by-passing the prob- 
lem of shape constancy, is represented by the 
solid curves. It is reassuring to find the dis- 
tribution for B fairly normal. (The third 
graph shows the distribution for distance aS 
related to a dependent distance axis that may 
be imagined to run across the upper right- 
hand part of Fig. 3 under 45°, forming a tri- 
angle with the main axes; the crowding 0 
both small and intermediate objects along the 


A 
a A “1 0 1 2 $ 
10cm 1m 10m DOm limn 10 


DISTANCE (log of meters} 


Fic. 4. Frequency distributions of three ecological variables for he Cemreceniative desig? 
shown in Fig. 3 (solid curves; the dotted curve includes tilted objects and the broken curv 
refer to a subsample of ~rertical objects, both not discussed here), (From Brunswik, 6.) 
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Estimated bodily size, b (log) 


o 1 2 3 4 
a Measured 
bodily size, B (log) 


Fic, 
ing to k Scattergrams of perceptual achievemen 
j € representative design shown in Fig. 3. 


5 0. I 2 3 
Measured 
photographic size, P (log) 


t (functional validity) for a subject respond- 
(Open symbols are used here to designate ob- 


jects sm; 
aller than 10 cm., see below; the differences in shape are irrelevant in the present con- 


text, 
) (Adapted from Brunswik, 6, 7.) 


10-inch limi 

distribute it of near vision leads to skewed 

curvilinearit and is the chief source of the 
tity that may be observed in Fig. 3.) 


Funct, 
a edited validity (achievement). 
the dist, turn to covariation between 
Stal stimulus and the response 


Varia > 
it Be which will define perception in 
tion? PProximation to “constant func- 


i 
f Fe understood by Holt. Figure 5, 
Sitar the stimulus-response scat- 
ceptual or the logarithms of the per- 
y Pamite, b (so labeled because 
realisti e given in the natural, naive- 
aa attitude toward bodily size, 
9 E otted against the logarithms of 
diagonal entries cling fairly close to the 
aie much more closely than the 
cling S variable, P, was found to 
azim, B in Fig. 3. Appraising the 
cular ea Tors _consmitted in the par- 
e stimates, however, we find that 
half of Ntries deviate as much as one- 
corres & power of 10 from the diagonal, 
fold | to about three- to four- 
h ver- or underestimation of the 
in question. 
8eneric summary description of the 


ti 


lengt 


degree of perfection of size constancy 
may again be sought in the correlation 
coefficient. This represents what may 
be called the “functional validity” (7) 
or “achievement” (Leistung, 2; for defi- 
nition see 5, p. 255) of the class of re- 
sponses, 6, relative to the distal stimu- 
lus variable, B. For the total sample 
of 93 situations this correlation is close 
to .99 (more accurately, .987 when com- 
puted from ungrouped logarithms with 
three significant places [see 7, p. 44]), 
in spite of the occasional sizable errors 


referred to above. 


By contrast, the functional validity of b 
relative to photographic size, P (Fig. 5, right), 
is only .73; in addition, this is quite close to 
the purely ecological association of B and P, 
70, so that little independent focusing of b 
on P is indicated. Perceptual restructuring 
toward photographic size (painter’s attitude, 
p) raises the correlation of the response with 
P no more than to 85. Other attitudes, 
deliberately inviting intellectually controlled 
judgment (“betting”) and thus the “stimulus 
error,” will not be discussed here, nor shall 
we go into the question as to whether or not 
the estimates b and b are purely perceptual. 
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Ecological replication and ecological 
significance of differences. The analogy 
to the statistics of individual differences 
may be carried still further. We may 
consider each new chance selection of 
items like those in Fig. 3 as an “eco- 

. logical replication” of the original sam- 
ple. In representative design the tra- 
ditional quest for repetition under 
“identical” external conditions ceases to 
be legitimate. Instead, we must seek 
comparable conditions as drawn from a 
common universe, just as in differential 
psychology there is no repetition in the 
strict sense when other or even the same 
individuals are used. 

Problems of the ecological significance 
of differences in the statistical sense 
may be raised, and handled, accordingly. 
The size of the sample to be used in 
computation is now given by the num- 
ber of situations, V, rather than by the 
number of subjects, n. In this sense 
the ecological generalizability of distal 
rather than proximal focusing, in the 
area of size constancy with distance 
variant, has been established for our 
one subject; and even the more crucial 
in a wide array of relatively moderate 
ecological: validity coefficients of depth 
cues, referred to above from the mate- 
rial of Seidner, have been found signifi- 
cantly above zero. 


In the strict, technical sense, our representa- 
tive survey of size constancy is completely 
void of interindividual generalizability. An 
approach to responder generality was made 
by using the recorder as a second subject; his 
distal functional validity was .993, quite close 
to the .987 for our subject. Furthermore, 
Dukes (12) has independently obtained a cor- 
relation of .991 for a six-year-old boy, using 
a different sample (V=67) and a somewhat 
different technique. 


It may well be that in many contexts 
individuals in a population are more 
homogeneous or stereotyped than are 
situations in an ecology, and that the as- 
certainment of ecological generality may 
be a more challenging task than that of 


responder-populational generality. Har- 
vey needed only one person to demon- 
strate the circulation of the blood, and 
Ebbinghaus needed only himself as a 
subject to lay the foundation for much 
of modern learning theory, ecologically 
narrow as this theory may be. 


To complete our analogies between re- 
sponder-populational and ecological generali- 
zation problems, we may set physical size 
measurement and intuitive or critical esti- 
mates of size in analogy to a battery of tests 
given, not to # persons, but to NW situations 
of the environment. Each type of observa- 
tion or attitude represents one of these tests. 
The problem of the degree of “objectivity” of 
various classes of observation, and thus of 
certain scientific approaches, can‘then be han- 
dled statistically in terms of their inter- of 
intraindividual “observational reliability” as 
tests, in which a sample of situations has tone 
the place of a sample of persons (see 7, P- 3 
and 8, pp. 11 f.). 


Representative separation and mathe- 
matical isolation of variables. It will be 
remembered that under systematic de- 
sign a true isolation of variables can be 
achieved only by a virtually infinite se 
ties of diacritical confrontations or fac- 
torial designs piled upon one another. 
Representative design, while not laying 
claim to full isolation, separates vari- 
ables to the extent to which they at 
separated in the particular ecology but 
no further, and does not tolerate any 
artificial perfect tyings (or untyings) 
between variables. Variables may thus 
be said to be “representatively sep? 
rated.” From a systematic point ° 
view, a good deal of spuriousness 1°- 
mains built into the textures studie 
under this policy, samples as these te% 
tures are of an ecology that likewise i 
complexly textured: Representative de- 
sign is not afraid of this spuriousness: 
in fact, it welcomes it for the sake ° 
the behavior supports it allows in t 
execution of the functional approach. A 

The challenge of further isolano 
must be met by after-the-fact, matee 
matical means, as in the study of } 
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Siua differences. For example, we 
ay use partial correlation as a mathe- 


-Matical means of holding constant a 


ae variable. Partialing out P from 
Gia i correlation between b and B 
logic us in effect reducing the eco- 
seat validity of P from .70 to 0) still 
A S > functional validity as high as 
a whereas factually eliminating the 
right pader 10 cm. in Fig. 3—to the 
ate of log B = 2—and thus reducing 
14 ecological -validity of P from .70 to 
ithe re a quasi-systematic move, reduces 
Fi nctional validity to .95 (see also 
à E 9 and the accompanying text). 
aA also be noted that, in con- 
pion to systematic design, the 
any of analysis may be stopped at 
ee falling back on the nonre- 
Bether . aim of functional research, to- 
tesolved the assurance that the un- 
safely wi part of the associations is 
Which eae the fold of the ecology to 
from e investigation has been geared 
the beginning. 


Sysrr 
a aes EXPERIMENTS WITH 
EPRESENTATIVE FEATURES 
We no 


Policies w turn to certain experimental 
May be Some of them common, which 
Seema ee transitory between 
epresent, and representative design. 
jected į ative features may be in- 
EER otherwise systematic designs 
variety a 

abio St representative choice of vari- 


es a - . . . 
tion, nd of their variation or covaria- 


Ness m Ome measure of representative- 


variables be achieved by the choice of 
Such gg « Vith particular life relevance, 
functio value,” as a factor in constant 
ura] pe Since ecoiogy embraces cul- 
forceme, rms held valid by the law en- 
With ¢ nt policies of a society, along 
T geo me Connected with physical law 
Value joPhical contingency, monetary 
attain eats a challenge to perceptual 
Propertie. on a par with other object 

les. Cognitive considerations of 


this kind, rather than the emotive or 
motivational aspects of value, per se, 
prompted the study of what could be 
called perceptual value constancy. In 
experiments concerning the apparent 
numerosity of stamps and of coins, 
Zuk-Kardos and Fazil (reported in 2, 
pp. 140-150) as well as Ansbacher (re- 
ferred to in 7) found number con- 
stancy with value variant and value 
constancy with number variant fairly 
high, although tainted with compromise 
between the two variables. 

Another quasi-representative step is 
to gear the manner of variation or of 
covariation between variables to the 
general scheme of natural conditions in 
a planfully controlled way, as when the 
association between a certain cue or 
means and the object or reward is made 
probabilistic rather than absolute (4, 
10). 

Experiments centered about an ex- 
emplary instance. Successive omission 
vs. successive accumulation of cues. A 
certain effort toward representativeness 
is discernible whenever a “lifelike” situ- 
ation is taken as the starting point of 
the experiment. In the field of size per- 
ception such experiments are likely to 
abandon, at least in some of their 
phases, the chin rests, darkrooms, 
screens with small openings, alleys of 
edges without thickness, or other labo- 
ratory paraphernalia in vogue during 
the late nineteenth century. This lib- 
eralization owes much to David Katz 
(29) and ‘his work in another area of 
perceptual constancy—color constancy 
with illumination variant. For size con- 
stancy, a study by Holaday (23; see 
also 7, p- 23), and the studies by Hol- 
way and Boring (25), by Gibson (16), 
and to some extent one by Joynson 
(28) have proceeded by essentially the 
same functional scheme. 

In each case there is what we may 
call a core or “exemplar” situation— 
somewhat arbitrarily chosen, to be sure 
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—which contains a fairly natural array 
of cues. Superimposed upon this core 
is a greater or lesser number of sys- 
tematic variations so that the design is 
still fundamentally systematic in its 
ramifications. The systematic part usu- 
ally effects what may be called “succes- 
sive omission” from the originally un- 
known, or at least not fully scrutinized, 
array of cues, while the more nearly 
classical approach tends to eliminate all 
natural cues, then building up from 
nothing in a technique of “successive 
accumulation” (7, pp. 22 ff.). 

By and large the functional studies of 
size constancy have borne out Hering’s 
old assumption of “approximate size- 
constancy” according to which more 
distant objects tend to be slightly un- 
derestimated (although not nearly as 
much as would correspond to the shrink- 
age of their photographic size). But it 
is significant, from the methodological 
point of view, that in some of the stud- 
ies the most favorable cue conditions 
yielded on the average slight over- 
rather than undercompensation for dis- 
tance (“overconstancy”), and that the 
over-all level of “compromise” varies 
considerably from study to study. In 
addition, laboratory experiments inad- 
vertently employing certain atypical 
contexts or backgrounds will yield dras- 
tically different results, not to speak of 
essentially traditional experiments that 
programmatically employ grossly dis- 
tortive configurations, like the situa- 
tions recently created by Ames (27). 

Under the aspect of representative de- 
sign, all these systematic experiments 
must be viewed as ecological single cases 
or “instances” with artificial elaboration 
that leaves a large portion of the core 
elements untouched. Each of these ex- 
periments is indisputable in its results, 
but at the same time is of unscrutinized 
ecological generalizability. The variate 
packages constituting these experiments 
or experimental settings may be pro- 
jected somewhere in the x-diniensional 
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manifold of representative design which 
we have exemplified for two dimensions 
in Fig. 3. Each imaginary point, or 
small, orderly group of points, in such 
a space represents a potential system- 
atic experiment. Mostly there is little 
technical basis for telling whether a 
given experiment is an ecological nor- 
mal, located in the midst of a crowd of 
natural instances, or whether it is more 
like a bearded lady at the fringes of re- 
ality, or perhaps like a mere homuncu- 
lus of the laboratory out in the blank. 

As a matter of principle, individual 
sample situations, no matter how life- 
like, cannot answer the funtional prob- 
lem as to the degree of perceptual 
constancy, even though by the use of 
responder replication or by systematic 
variation their results may become gen- 
eralizable in certain directions an 
standardized for testing purposes. Only 
representative design can answer pa 
problem. By a set of analyses nae 
reflected in the figures of the presen 
paper, the ecological generalizability © 
the principle of perceptual compromis®; 
or of “approximate” size constancy 4 
originally suggested by Hering, has bee 
established for our subject along wit i 
the broader principle of distal rathe 
than proximal focusing. J 

Canvassing as accidental quota sae 
pling of the ecology. Instill other a 
an entire array of individual systemat! 
experiments may appear to be laid o 
after quasi-representative principles, Se 
as to cover the ecology or the media 
tional pathways by a vaguely conceive” 
“one of a kind” rule. This tacit ama 
pling procedure forms a counterpart, A 
what polling statisticians might desca 
as a most rudimentary form of ae 
fied, “quota” or proportionate sampli 2 
and is usually of the highly erratic oP ; 
sometimes labeled “accidental” in eee 
tistics. We will speak of this primitivi 
type of coverage of the ecology 
“canvassing.” 
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pent field of the perceptual con- 
ei the attempted extension of 
ae inciples, such as that of distal 
shape E or of compromise, from size to 
Gt can color constancy, is an example 
a eng, A cross-departmental 
distante A loudness constancy” with 
undertaken srs source variant was 
ing: general ry Mohrmann (37), yield- 
He « tally similar results. Kines- 
with petimoni with falling bodies, 
cues, h without the aid of visual 
of 4 ave established the functioning 
with Be “weight constancy,” 
ergy) keet (and thus with kinetic en- 
at (Ppa leat), The 
Stancy ee experiments on value con- 
canvassin tther augment the picture of 
rA s of the perceptual constancies. 
asse EA factorial design and an im- 
asic inte analysis of variance. The 
toward aes of representative design is 
cerns the sign proper; that is, it con- 
Selection ponelozment of a statistical 
e; onl evice for the stimulus sam- 
with avs Secondarily is it concerned 
tion en as a procedure of evalua- 
ance is th Hee to analysis of vari- 
ftom the ns indirect, and derives solely 
ni is act that this evaluation tech- 
Sign, iets adjunct to factorial de- 
tought eived in its shadow and thus 
With its inherent inadequacies. 
®Ppear a glance factorial design may 
While ini@eal, since all plots are filled, 
Only eo entative design normally 
Tesen ati of the plots is filled; rep- 
Teadily Vo, designs would thus seem 
signs }j extractable from factorial de- 
them , Yone should wish to extract 
catch a not vice versa. The first 
» however, that some of the 
inations of variates may be 
ae in nature or otherwise 
realistic. 
oft €xample is furnished by a study 
x aeea tual impression values of 
Reiter Ga faces by Brunswik and 
> 11; for a summary and dis- 
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Fic. 6. Five-factorial schematized face (adapted 
from Brunswik and Reiter, 11). 
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cussion see 7, pp. 40 f.). In effect, 
this was an early factorial design, with 
a 3X3X3X3xX3 layout (Fig. 6). 
Fortunately for our argument, we were 
naive enough to depart from the com- 
plete array of intercombinations so far 
as two of the five “facial” variables 
chosen are concerned. The inadvert- 
ently unorthodox part is the truncated 
treatment of the “nose,” as plotted in 
Fig. 7. Two opposite corners are left 
empty so that there are only seven 
noses instead of nine, making for a total 
of 3 X 3 X 3 X 7 = 189 facial schemata. 
The result is an oblique relationship in 
the artificial ecology of the design which 
is not unlike the representative ecologi- 
cal correlation shown in Fig. 3 for size 
constancy, even though with a strange 
orderly tint that bespeaks the system- 
atic origin of the stimulus distribution. 

The reason for the departure from 
strict orderliness of the design was 


EE 
ve fell 
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Fic. 7. Truncated treatment of two out of 
the five variables shown in Fig. 6. 
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given by the desire—still somewhat 
vague at the time—to achieve better 
representativeness. One of the desider- 
ata was to make the schemata look as 
“facelike” as feasible; the omission of 
two of the nine possible noses was 
prompted by their unusually bizarre 
and ridiculous appearance which threat- 
ened to spoil the seriousness of an al- 
ready precarious attitude on the part 
of the subjects. In many other psycho- 
logical contexts certain intercombina- 
tions may be unrealistic or disruptive 
in similar or in some other ways. 

Like the design, our original evalua- 
tion was makeshift. Years later the 
main effects and some of the first-order 
interactions were found significant in 
terms of analysis of variance as applied 
to the 189 original impressions of in- 
telligence (composite from 10 adult sub- 
jects), although this of course implies 
little concerning the ecological general- 
izability to live faces. For our schemata 
it appeared that impressions of intelli- 
gence are aided primarily by high or 
medium forehead, medium mouth, and 
medium nose. 

In the analysis of the impression 
value of the “nose” the omission of the 
two cells necessitated—as my statis- 
tician colleagues, Drs. Rheem F. Jar- 
rett and Robert Rollin, informed me— 


Functional validity 
(Achievement) 


Ecological 
validities 


Distal Proximal- Central 
variuble peripheral response 
cues 


Fic. 8. The lens model as applied to per- 


ceptual constancy (adapted from Brunswik, 
8). 
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the employment of such ad hoc pro- 
cedures as the “missing plot” or the 
“unequal numbers in cells” technique 
(30, pp. 220 ff.). These techniques are 
not only artificial and rather uncom- 
mon; what is more, they involve the 
somewhat hypocritical pretense that part 
of the data was lost, or at least that the 
material is not quite as it ought to be. 
Under representative design, involving 
as it does variate packages in many 
more dimensions than factorial desig? 
could handle practically, oblique dis- 
tributions are not only legitimate but 
will in most cases be dictated by 04 
ture or by culture, and thus be manda- 
tory. Evaluation techniques will havé 
to be fitted to the materials that may 
be obtained under such design, rathet 
than vice versa. 


Major Varreties or PsycHoLocical 
THEORIZING 


We now turn to the implications of 
our above considerations for psycho; 
logical theory. Three types of PSY” 
chological theorizing will be discusse®" 
(a) theory as the ratiomorphic explic? 
tion of probabilistic functional—notably 
distal—achievement and of its strategy’ 
(b) theory as the customary nomothe 6 
and more or less molecular reductio? ar 
function; and (c) theory as compar” 
tive methodology, both within psy e 
ogy and between psychology and 
other sciences. - of 

Theory as a ratiomorphic model h 
functional achievement and its stratos? 
Focusing and vicarious mediation. 
representative study of distal consa 
function, as reported above, is She 
matically described in Fig. 8- ffir 
wide-arching functional validity ¢°° e 
cient constitutes a generalized St% 
ment of the organism’s perfection i j- 
the attainment of a given distal Wider 
able; it falls under the concept of 
scriptive theory” by virtue of its 8 
ality alone. In addition, an inve” 


enet” 
tot: y 
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=a sopping of the full array of outpost 
jables attained by an individual or 
aan as well as of the degree of such 
ate. ( psychology in terms of ob- 
ine ie 3), promises to lead to fur- 
oe ations concerning prefer- 
aoe Ocusing on distal vs. proximal 
cae large, concerning the rela- 
tality ip between life relevance and dis- 
ee and concerning related biologi- 

Aeon problems. 
rer further indicated in Fig. 8, the 
ee, functional arc may be broken 
nace E extrasystemic and an 
tively emic constituent, called respec- 
tion Pe lcaical validity and utiliza- 
diational general pattern of the me- 
Predicat oe of the organism is 
validit: €d upon the limited ecological 
We =, or trustworthiness of cues which 
is ag observed earlier in this paper. 
saa Tees a probabilistic strategy upon 
must pee To improve its bet, it 
tis Peet and combine cues. 
ing of io at a better understand- 
tutabilit 2 principle of mutual substi- 
means y, or “vicarious functioning,” of 
tae cues) for each other which 
her beh olman (47, ch. i), and most 
tural aa aviorists looking for a struc- 
eir ate have incorporated in 
Purpose C definitions of behavior or 
like m eae ch. ii), Hence the lens- 
taken a el in Fig. 8, which may be 
Chologic neem the basic unit of psy- 
al functioning, No matter how 


Syer, Si one is improved, how- 
Dr babii So remains inherently 
n À 
Stant, ane light of this model all “con- 
tion, bes rather, quasi-constant func- 
© explicat, intuitive” or explicit, can 
Process y ed as a statistical reasoning 
Cons tong ora of Helmholtz’s “un- 
h ade ence albeit without its 
over One: lonistic and  perfectionistic 
à S. Forming a Latin-Greek 


Ybriq 
» We may speak of this as 4 
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ear a theory of achievement 

One of the most important aspects of 
such a theory concerns the relationship 
between ecological validity and utiliza- 
tion. Ideally, cues should be utilized 
in accordance with their validity. But 
here we must inject, among other things 
to be brought up later in this paper, the 
element of “cost” to the organism, just 
as we must ask for the cost of an auto- 
mobile along with its efficiency in budg- 
eting our expenditures. Functional the- 
ory here takes on certain features of 
economic theory. 

Theory as nomothetic reduction. We 
have left the discussion of the system- 
atic approach, in favor of that of rep- 
resentative design, at the point where 
the former was about to embark on 
a diacritical confrontation of constant 
function with its own cues or other 
mediating instrumentalities. This type 
of confrontation has been practiced ex- 
tensively in psychology, notably in its 
more classical phases. In the found- 
ing period of behaviorism, Watson and 
Lashley (50) set out to transport hom- 
ing birds in closed cages over distances 
sometimes far outside their natural 
range. Others have since used anes- 
thetics, faradic cages, or rotation on 
a phonograph turntable in the dark 
throughout the journey (45). The 
artificially distortive laboratory experi- 
ments on the perception of size and dis- 
tance to which we have referred above 
as preceding, and in part paralleling, 
the quasi-representative and representa- 
tive studies of the last quarter century 
fall in the same category. 

The objective of this type of behav- 
jor or perception study is to trace per- 
formance step by step to identifiable 
processes, cues, oF tracks of mediation; 
in the end they are to be “reduced” to 
the “laws” of one of the more micro- 
scopic, more “fundamental” disciplines, 
notably physiology. Traditionally, many 
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psychologists have seen in such a re- 
ductive explanation of behavior the ma- 
jor task of psychological theory. The 
nomothetic behaviorism of Hull and of 
his sympathizers, mentioned at the be- 
ginning of this paper, reveals its reduc- 
tionist aim most clearly in the use of a 
“physiologizing” terminology. 

To the study of distal function and 
of its grand strategy the reductive ap- 
proach adds the study of tactics; to the 
study of achievement and of its macro- 
mediation, both of which fall within the 
province of functional-representative de- 
sign, it adds the study of microme- 
diation, which falls in the province 
of nomothetic-systematic design. The 
functional approach has its place mainly 
in the appraisal of the interplay and 
relative contribution or weight of fac- 
tors in the adjustment to a given ecol- 
ogy, while the reductive approach re- 
veals the technological details of the 
machinery that brings about such ad- 
justment. 

Theory as comparative methodology: 
observational unity and thematic di- 
versity of science. The injection of 
physiology into the discussion brings us 
to a branch of psychological theory 
which overlaps with the Philosophy of 
science and is best labeled comparative 
methodology of science, One of the 
major concerns of such a science of sci- 
ence, or metatheory, is with the basic 
unity of the sciences. In present-day 
psychological discussion this problem is 
subsumed mainly under the watchword 
“operationism.” Here it is often for- 
gotten that the basic requirement for 
scientific exactitude is a relatively mod- 
est one, and in a certain sense a more 
commonplace one than anticipated. It 
involves no more than the inter- and 
intrgsubjective univocality of observa- 
tion and communication which is some- 
times called “methodological physical- 
ism” (8), but should better be specified 
as observational or procedural physical- 
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ism; but it does not include the uni- 
vocality of prediction which is the ma- 
jor raison d’étre of the nomothetic ap- 
proach (5). r 
We may therefore take the position 
that in the end the unity of science 15 
better served by allowing the reaffirma- 
tion or elaboration of this unity to be 
superseded by a working out of the the- 
matic diversity of the sciences within 
the minimum common platform. This 
diversity of themata involves both the 
aim of the different disciplines and the 
designs capable of serving these aims. 
Thematic physicalism and the nomo- 
thetic-reductionist-systematic syndrome: 
The different explicit and implicit trends 
toward the unification of science whic 
have dominated the last half century 
have been under the spell of a some 
what stereotyped image of physics. 
thematic element in this cliché may >” 
explicated as the emphasis on the e 
eral,” and notably on the strict, W 
vocal regularities or laws which po 
sess universal applicability; this is # 
known as the nomothetic appro 
Universality of law presupposes, ho A 
geneity of the universe; hence it ma 
ters little where and when and oveni k 
large an area a phenomenon is stu®! 
Experimental design may thus safely 
left to the convenience and liking 5 
the experimenter and thus become y 
tematic. And, as Mises (36) has po s- 
out in discussing probabilism in P A 
ics, macrolaws have their origin 1, Jes 
ferential equations, that is, in pring. 
conceived for minute space-time SE 
ters. The triad of nomothetic yS 
microreductionist procedure, and e t0 
tematic design which we have COM gl 
recognize as a syndrome in tradit - 
psychology thus is revealed as a” © the 
lation of a pattern indigenous t° 
specific thema of physics. eate! 
As has been pointed out in er pask 
detail elsewhere (8, sec. 9), the sic! 
cally elementistic character of PPY 
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av 1s not obviated by, and has little to 
aie the empirical fact of a prob- 
ah ic microstructure in thermody- 
Sich cs or within the atom. Nor must 
$ peg uctures be seen as related to, or 
for is Way supporting, our arguments 
oe probability approach in psychol- 
e aal psychology is macro- 
in a T in that the identity of the 
coi a case is maintained (as in a 
p ee while it is lost in the 
Practical macrolaw which for ordinary 

Ge. perce is absolute. 
g eographi vs. particular. Physical law, 
: Best ; fact, ecological correlation. 
mation oe warn against the overesti- 
bs Ay ae the general over the particu- 
Da oere was Windelband (52). 
e t stilted application to 
Was led oa and to the humanities, he 
tinction he suggest the well-known dis- 
8taphic eeen nomothetic and idio- 
tter E Sciplines, Unfortunately, the 
row, by encompasses both the low- 
istorie. ictly enumerative approach to 
ion, a iee phic fact seen in isola- 
Phasis o the extremely high-brow em- 
m REEN “unique” lawfulness of 
erly, RA ual or culture; more prop- 
labelleq atter case should therefore be 
ed the “idionomothetic” approach. 


ithj $ 
amp] in the natural sciences, an ex- 
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mapping. The fact that no application 
of the general physical laws is possible 
without the constants, parameters and 
boundary conditions furnished 5y geo- 
graphic types of information is fre- 
quently neglected in theoretical discus- 
sion. Except at the level of control 
ordinarily accessible only to the physi- 
cist observer, these constants are not 
available (at least not fully so) to the 
responding organism. Hence the chains 
from select distal to proximal to cen- 
tral variables in perception are chains 
of (probable) partial, rather than of 
total, causation. The universal lawful- 
ness of the world is of limited comfort 
to the perceiver or behaver not in a po- 
sition to apply these laws, and he there- 
fore must rely largely on whatever 
snitches of particular or semigeneral- 
ized information he may be able to as- 
semble. This is what we meant earlier 
in this paper by the assertion that ordi- 
narily organisms must behave as if in 
a semierratic ecology. 

With data from our representative 
size-constancy survey described above, 
the relation between physical law and 
ecological correlation is illustrated in 
Table 1. The first row of ecological 
validities has been introduced above in 
discussing Fig. 3, and the remaining 


Proach Of the purely enumerative ap- two pairs are added here from our ma- 
Seogr: is given by those branches of terial. Partial correlations derived from 
aphy that deal with topographical either of the two columns of three co- 
TABLE 1 
TEXTURAL ECOLOGY AND PHYSICS 
(Adapted from Brunswik 7, Fig. 10) 
Nomothetic Approach 
Variay Ecological Validities 
ESSE. te ee Be Partial Correlation me 
a Se oe Variable Coefficient fonii 
Taa as) PET) | “Hed Constant” Obtained x 
OR 
a D 1.00 
-70 14 i 
DA? 77 a P 1.00 B=PD 
De <08 —34 B 1.00 
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efficients yield (in as close approxima- 
tion as may be expected) the perfect 
positive or negative correlations listed 
in the-third column of figures. These 
in turn reflect the well-known propor- 
tionality law, given still further to the 
right. Since derivation is possible from 
all alternate ecologies (as exemplified 
by our sample of 93 vs. the subsample 
of 59 situations mentioned earlier), it 
is evident that textural ecology adds 
valuable probabilistic information to 
the vastly distilled relational informa- 
tion incorporated in the universal laws 
of physics. Essentially this is informa- 
tion abstracted and summarized from 
the geographies that make up the ecol- 
ogy, and is information of the type 
finite organisms may best be able to 
absorb in learning, notably in prob- 
ability discrimination with partial re- 
inforcement. 

It is for the same reasons that the 
laws of triangulation, which underlie 
the binocular depth mechanism and 
which only recently have once more 
been the starting point for nomothetic 
treatment of this mechanism (32; see 
also 17), are of somewhat academic in- 
terest so far as the actual perceiver is 
concerned. And for similar reasons we 
stressed, earlier in this paper, the lim- 
ited validity of this mechanism within 
our cultural ecology, in which the per- 
ceiver is routinely exposed to optical 
instruments as well as to flat Pictures 
as substitute means of access to three- 
dimensional reality. 

Nonfunctionalistic (intraorganismic) 
uses of probability in psychology. It 
will be remembered that in our molar- 
functional view of organism-environ- 
ment interplay, uncertainty is a feature 
of the relationships between the organ- 
ism and the distal environment, to wit, 
of proximal-distal relationships in the 
case of ecological validity and of cen- 
tral-distal relationships in the case of 
functional validity; uncertainty is not 
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seen as a necessary feature of intraot- 
ganismic processes. In a certain sense 
this is perhaps in reversal of a tradition 
which has seen nothing but law in the 
environment, but was indeterministic of 
vitalistic so far as the reacting organ- 
ism is concerned. 

Some recent movements have viewed 
processes within the organism from the 
probability point of view. While prob- 
abilistic functionalism is inherently 1- 
tersystemic, their approach is intrasyS- 
temic. We have no quarrel with them 
except that we must make it clear that 
they are confined to problem concep- 
tions which are oversimplified from the 
standpoint of molar functional psycho’ 
ogy, encapsulated as they are W1 
the boundaries of the organism. in 

Intraregional statistical approaches © 
psychology may be classified um a 
three major headings: central, pe™P a 
eral, and peripheral-central. An one 
ple of a central statistical theory 15 ia 
study of “random nervous nets” as hes 
veloped in the framework of mat 
matical biophysics by McCulloch 4” 
Pitts (33), later in collaboration vi 
Landahl (31). Concern is not a 
“this” neurone synapsing on “that” © of 
but rather with “gross” distribution sd 
tendencies and probabilities assoc pis 
with points or regions in the net. , tic” 
statistical “rather than determini? 9 
biophysics was used by Rashevsky 
as an underpinning for his fundamen s 
equations of mathematical biophy 
much in the manner in which Do 
netic theory of gases serves as & 1? po- 
tive support to thermodynamics. Ra ex 
port and Shimbel (38, 42) bave “of 
tended the theory to the dynamic 
social interaction: pe 

An application of probability t° ‘eet? 
ripheral problem is given by the“ 
tistical behavioristics” of Millet cap” 
Frick (35). The exposition is ®™ ort 
sulated within the single region of tio” 
responses. The study of “stoch4 
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(ie, to a certain extent predictable) 
Word sequences in common English 
Which has come in vogue recently is 
more or less bodily transferred to an 
analysis of human “courses of action” 
ech are related to the “strategies” 
the oa Playing of games (49)—and of 
fio dependent probabilities” resulting 
a the fact that the preceding occur- 
fs ce of a response does not always re- 
™ the system to the original state. 
ere the only cue considered is given 
A jae preceding time series of events 
not p Seme kind. This procedure is 
ial Pens nor particularly congen- 
ra me thematic content of psychol- 
cally ; ather, it is somewhat mechani- 
a: ransplanted from those segments 
Se ernetics in which unidimensional 
= Ntial distribution and correlation 
of p ominant (51)—another instance 
on he for ready-made gadgets, even 
S A at a more elevated level. 
abilit ner’s (43) concept of “prob- 
classi Of response” may likewise be 
Med under the heading of periph- 


eral p 
More ppo ulation, the term being no 
an : ; 
(relative a fanciful expression for 


) frequency of response as one 


Perim, traditional scores in learning ex- 
T aa s involving the motor output. 


Estes ‘statistical learning theory” of 
ripheral is an example of a pe- 
a “central theory, or perhaps of 


thro, Pheral-peripheral theory crossing 
e entire organism from input 
z Based as it is on evidence 
teason Matic experiments, there is 
samples” doubt that the “behavior 
Vitonm and “statistical samples of en- 
by th ental events” which are linked 
S repr Cory are even tacitly envisaged 
E Sentative samples. 


SaN “mentary emergence of the con- 


o, z 
Ory į (Ue in cybernetics and the the- 


Psycho telecommunication. Outside of 
Which we and within movements 
Sects Race of their more obvious 


Ve become templates for most 


of the intraorganismic probabilism just 
cited, a first step in the direction of the 
bivariate type of correlation analysis 
which is covered by the concept’of eco- 
logical validity is made by Wiener (51) 
in his analysis of double time series. 
Such series are, as Wiener points out, 
most conspicuous in economico-socio- 
logical and meteorologico-geophysical 
applications, since in both instances the 
relative lead of one time series with re- 
spect to another may well give much 
more information concerning the past of 
the second than of its own. For ex- 
ample, on account of the general east- 
ward movement of the weather, Chi- 
cago weather may be more important 
in the forecasting of Boston weather 
than Boston weather itself. It will be 
noted that even here the comparison 
stays within the same kind or physi- 
cal denomination (“weather”); in such 
cases comparisons or correlations are 
not yet genuinely bivariate as are those 
between proximal cues and objects, or 
between means and goal attainments, 
A more direct exposition of those 
mathematical principles of communica- 
tion which are of particular relevance 
to the understanding of focusing by vi- 
carious functioning as it occurs in psy- 
chological mechanisms has been given 
by Shannon and Weaver (41). In 
terms of the vocabulary of the special 
brand of telecommunication engineer- 
ing involving semicontrolled media, to 
which the theory has been geared, per- 
ceptual cues and behavioral means are 
like “signals” in “coded messages.” The 
mediating channels are contaminated 
with interferences or constraints of their 
own. The result is equivocation. It is 
then “not in general possible to recon- 
struct the message with certainty by 
any operation on the signal.” š Shan- 
non’s diagram showing the fanning out 
of “reasonable causes” (messages, in- 
puts) for a given “high probability re- 
ceived signal” or effect, and of “reason- 
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able effects” (signals, outputs) from a 
given “high probability message” or 
cause.in a channel, bears formal re- 
semblafice to the equivocal types of 
coupling between intra- and extraorgan- 
ismic regions to which this writer called 
attention twenty years ago (2, Fig. 2) 
and which can also be read into our 
diagram of the lens model in Fig. 8. 

Whenever the “capacity” of a chan- 
nel is less than the richness of variabil- 
ity of the source from which it accepts 
messages, the channel is “overloaded.” 
Then it is 


impossible to devise codes which reduce the 
error frequency as low as one may please. 
. . . However clever one is with the coding 
process, it will always be true that after the 
signal is received there remains some undesir- 
able (noise) uncertainty about what the mes- 
sage was (41, p. 111). 


We may add that, in quite the same 
manner, the crux of organismic adjust- 
ment obviously lies in the fact that 
distal perceptual and behavioral media- 
tion must, by the nature of things, in 
the general case rely on overloaded 
channels, with the ensuing limited de- 
pendability of all achievement mecha- 
nisms. And we may note that at least 
part of the trouble lies with the over- 
loading and noise in the external rather 
than the internal medium. 


Shannon and Weaver point to one 
means by which the chances of error 
can be decreased, however. This is 
“redundancy,” as exemplified by, but 
by no means restricted to, verbal repeti- 
tiveness. When there is noise there is 
some real advantage in not using a cod- 
ing process that eliminates all the re- 
dundancy, for the remaining redun- 
dancy helps combat the uncertainty of 
transmission. The reader will recog- 
nize that the vicarious functioning of 
cues and of means—functional patterns 
we came to acknowledge as the back- 
bone of stabilized achievement—may be 
viewed as special cases of receiving or 
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sending messages through redundant, 
even though not literally repetitive, 
channels. The probability of error, 
given by the variety of possible. causes 
or effects that could result in, or bë pro- 
duced by, the type of event in question, 
can thus be minimized; this is tpe can 
in the gain of the over-all functiona 
validity (.99) over the ecological ‘a 
lidity of the major retinal cue (.70) ng 
our representative survey of size cm 
stancy referred to above, in which E 
organism acts as an intuitive stat! 

tician.* 

A suggestion of extending the the 
of communication to multivariate Pea 
terns of mediation has recently ae 
made by McGill (34). It is hoped vi 
this will open up the full scope ° an 
carious functioning to formal treatme! 


oF 
CLINICAL AND RELATED ASPECTS 
REPRESENTATIVE DESIGN 


There are several ways in which He 
resentative design has become H ow 
with social and clinical psycho a 
Two of them deal with sampling at 
pects exclusively, and another two 
cern both design and the func™ | 
theory of the vicarious functioning 
cues. 


F ree 
3 The present statistical application ae rer 
dundancy is not to be confused with n biS 
cently suggested by Attneave a). ion (® 
case the concern is with the exploitatio? | ver 
trapolation) of strict law as it ho on% 
limited stretches of space (or time), sayy Jn 8 
part of the contour of an ink bottle. of suh 
earlier context, this writer has spoken 
regularities of limited scope as “loca, of 
(Lokalgesetze, 2, pp. 209, 212). 
their strictness ther treatment falls unde etit 
above-mentioned headir.z of an idionor abil- 
approach; its only relation to the Pi- gre? 
istic approach lies in the fact that co” 
to which a local law is limited TE orge” 
sidered as a subecology, and that n simi” 
ism may have to proceed by basical fn e 
mechanisms to ascertain either of t oF h 
types of limited regularities, the str! 
probabilistic, 


ction? 
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me uF esentative sampling of persons in 
me ae of eo The case in which 
nies ae eon responding subjects but 
fain stimulus objects are persons 
cc the most obvious 
resentatiy, 43 of the necessity for rep- 
metry of S re It is for this sym- 
media as i ject and object that such 
sonality f e social perception of per- 
fi Bee ie photographs seem to offer 
signer a ance of convincing the de- 
OL sccil at there must be a sizable N 
ary eae alongside the custom- 
rve e n of subjects (judges). Yet 
Tevealed the the respective literature 
a somewh an apparently by force of 
tradition a thoughtless, content-bound 
Pitifully , the object W is on the whole 
e e equate in comparison with 
zation ee ^, with fallacies of generali- 
nas (7, ch. vi and p. 38). 
exposin: has been especially astute 
Ogic of ra comparable lapses in the 
Other — i and of evaluation in 
nd jn wes, Of social psychology (18) 
the stud inical psychology, notably in 
Personali, of the effect of the sex or 
ch of the examiner upon Ror- 
(19 ‘ino other projective test results 
texts — on the part of standard 
turned psychological statistics. It 
widespread that it was a surprisingly 
d practice to apply only one 
nific nee, DOPulational) test of sig- 
Sider thi using n, and to tacitly con- 
ality us test to cover ecological gen- 
bres the same breath. 
con man sampling of stimulus 
cerns, tons as test situations. Con- 
ph esentativeness as to the 
psd in a stimulus configurations 
at not pr Sting, test dasigners have s0 
nated as essed beyond the stage desig- 
E At Poi earlier in this pa- 
reflect p St, tests were either picked 
Da ay the current distribu- 
La matic laboratory experimen- 
in inated fortunate cases, 
hurstone’s factorial study 
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of perception (46), with an emphasis 
on more recent and more complex types 
of experimental problems—or there was 
an informal effort to assemble 2/battery 
of “close-to-life” situations. If the tests 
were selected from a pool of existing 
tests the term “sampling” was occasion- 
ally applied, but it was usually forgot- 
ten that sampling from an artifact, even 
when this sampling itself should be ran- 
dom, merely perpetuates earlier bias 


(7, pp. 50 f.). 


Similar considerations apply to the custom- 
ary so-called sampling of behavior, of acts, or 
of traits from a trait universe (including the 
construction of adjective check lists), so long 
as the respective universes or sampling pro- 
cedures are but informally scrutinized.4 The 
degree of representativeness is in each of these 
cases determined not by the most but by the 
least representative step in the chain of de- 
fining the universe and of drawing the sam- 
ple. Since trait sampling concerns the re- 
sponder rather than the ecology, and hence is 
not part of representative design proper, this 
is added here merely parenthetically. 


From a technical point of view it is 
not sufficient to have one close-to-life 
test, or even many of them. As we 
have pointed out in the main part of 
this paper, there must be balanced cov- 
erage of life. A mere multitude of situ- 
ations may be designated as M tests, 
reserving W for the size of truly rep- 
resentative ecological samples. (M is 
chosen as the letter preceding W, or as 
the first letter in many, the capital let- 
ter is used in slight departure from the 
practice suggested earlier [7, pp. 34 
f.]). Only for a true NV can technical 
tests of ecological significance as en- 
visaged in representative design be ap- 


plied. 


4 Guttman states, seemingly without being 
much concerned about the underlying prob- 
lem, that “the processes of sampling people 
and of sampling items are not at all identical; 
random sampling, stratified or not, is used for 
the first, but is not applicable to item con- 


struction” (44, P- 54). a ts 
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Such stimulus configurations as the 
Rorschach inkblots are biased variate 
packages, in the sense of the word as 
defined*carlier in this paper. They in- 
vite what Sander (40) has called “re- 
alistically-meaningful” (sinnhaft-bedeu- 
tungsvoll) or “ontotropic” tendencies, in 
contradistinction to the “geometric-or- 
namental” or “eidotropic” tendencies 
(toward Prägnanz or “good form,” such 
as abstract circles, squares, or other 
purely geometric formations) as de- 
scribed by the gestalt psychologists 
proper. Since these ontotropic tend- 
encies are considered to represent a 
higher developmental stage than the 
formalistic eidotropic tendencies, both 
in ontogenesis and in the “actualgene- 
sis” of the instantaneous perceptual ex- 
perience, a more genuine sampling of 
stimulus patterns and the setting up of 
more representative evaluation categor- 
ies may become diagnostically valuable, 

Allowance of vicarious functioning as 
@ representative feature in test con- 
struction. As we have seen, one of the 
most important principles of functional 
theory is that of vicarious functioning. 
Its earliest recognition stems not from 
academic psychology but from one of 
the theoretical antecedents of clini- 
cal psychology, Psychoanalysis. Under 
the direct influence of psychoanalysis, 
Frenkel-Brunswik (15) has developed 
the study of “alternative manifesta- 
tions” of the latent dynamic structure 
of needs on a statistical basis, using 
multiple correlation with overt behavior 
elements; the way to the rational re- 
construction of clinical intuition which 
is asked for in another line of Vienna 
tradition, logical empiricism, was thus 
opened. The relationships that may or 
may not exist with Lazarsfeld’s subse- 
quent theory of “latent structure” (44) 
will not be discussed here. 

In my own work the attention to vi- 
carious functioning has concentrated on 
perception rather than on behavioral ex- 
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Pression (and, within perception, om 
physical objects or on the more static 
traits of social objects), and the impli- 
cations of vicariousness upon repre- 
sentative design have been developed 
through this medium (7, ch. v, vi, vii; 
for more general discussion see, 8, CP- 
ii). In his contribution to the present 
symposium Hammond (20) has eX 
panded this to demand allowance ° 
multiple mediation patterns for, and an 
attendant multiple cue analysis of, clin 
cal judgment by recourse to the require- 
ments of representative design. ; f 
Ecological validity and utilization 0. 
clinical cues. A problem ensuing P 
the work of Frenkel-Brunswik andi 
Hammond, just cited, is the queen 
about the extent to which the Pee, 
cal validity of the potential cues avg 
able to clinical intuition is duplica 
by the weight given these cues in b E 
utilization on the part of the resp ol 
ing clinician. Hammond and his Sa 
laborators at Colorado (20), and, a as 
pendently, Smedslund at Oslo (in a 
yet unpublished study), have rece? is 
found cases of gross discrepancy 12 -or 
respect, involving both the ignoring he 
even the reversal of valid cues a0. 1, 
overutilization of cues of low vali bio- 
Pitfalls of systematic design ™ seen 
logical application, As we have * ig- 
representative design is especially 
dispensable whenever the relative | 
tribution of different variables of jn- 
functional context is the subject argot- 
vestigation. But it must not be #059 re- 
ten that any systematic experimen’ gy 
gardless of how oddly conceived 1t * o- 
be, represents at least one actual | this 
tential ecological instance, and. a 
sense is a bit of reality; in additio an5 
we have seen, it may be the only 
of obtaining knowledge in the T 
context of science. nts of 
Impressive as are the achievem® pio” 
reductive experimentation in t eulting 
logical sciences, the dangers "° 


uctiv® 


on 
n 4 
fi 
E 
t m? 
or P 
as 
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on = tying of variables and from 
fee ee of nonrepresenta- 
avoided. 2 Si rarely been completely 
nishes aa 3 e history of science fur- 
a eee : evidence of harmful effects 
eoretjcal IC design upon practice or 
may think Outlook. Asa TAymany one 
its co hygiene in medicine with 
plete nee ic changes between the com- 
on Sie sr and the excesses of aseptic 
AD 2 lela nal the boiling of 
Bea. €vitaminization; anemia and 
ese pre of liver, and so forth. All of 
Variables ctices appear as playballs of 
which fy selected for study, 
and oa ee undue prominence 
of factors ide e picture of the interplay 
ts invol ut of balance; and the short- 
etalization ca in the ecological overgen- 
Serious, a results may be even more 
Who shuns € biochemist or nutritionist 
and the cq eggs but is a chain smoker, 
Opposite cet specialist who does the 
Tequire ` are too familiar examples to 

ye elaboration. 
We Rae ie design in cliché literature. 
Popular n also regard the “world” of 
cial, cy PE and movies as an arti- 
ing fea ural subecology. Its outstand- 
se is ae the presence of clichés; 
types ene e both personality stereo- 
Similar + Plot formulas. Clichés are 
design se xPeriments using systematic 
DE inde, actors that show some degree 
are artineneent variability in real life 
Plots cially tied, Old-fashioned opera 
With pe Soap melodramas that “drip 
Movies ctosity” share with cowboy 
alleq (rhat David Hume would have 
ble han Parable” associations of no- 
s, ae overpowering strength, 
eliS? forth age, youth, final success, 
Ìché ig -z Or of their opposites. The 
to means į worn” case or incident, by 
it me we or nonexistent but 
all ftequenes t out of all proportion to 
Other a and to the detriment of 
ematia Pes of incident. Like the 
€sign of experiments, it su- 
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perimposes artificial “laws” upon an 
ecology which it thereby depletes. 

In the case of the systematic.2xperi- 
ment it is these artificial laws in the de- 
sign which, as we have suggested, are at 
least in part responsible for the often 
striking lawfulness of the results. At 
this point the suspicion arises that the 
didactic role which systematic experi- 
mentation obviously plays in the men- 
tal economy of the scientist, by virtue 
of the simplicity and order it both re- 
quires in the design and furnishes in 
the result, may outweigh the fact-find- 
ing competence of systematically de- 
signed experiments. Certainly the more 
drastically simplified forms of art of 
which we have spoken, and which are 
so similar in pattern to the systematic 
experiment, are clearly didactic rather 
than informative in any realistic sense; 
we do not go to the movies to find out 
about life or to form a scientifically air- 
tight theory about personality, in spite 
of the fact that movies may sometimes 
be helpful in temporarily smoothing the 
perplexities of life. 

The main function both of art and of 
systematic experimentation, then, is to 
shake and mold us by exaggeration and 
extreme correlation or absence of cor- 
relation. But exaggeration is distortion, 
and this distortion must in science even- 
tually be resolved by allowing the more 
palatable systematic design to mature 
into, and to be superseded by, the more 
truthful representative design. 


Conciusion: UNITY OF SCIENCE AND 
Unity oF PsyCHOLOGY 


Our considerations in comparative 
methodology have brought into focus 
the thematic diversification that is pos- 
sible within the over-all unity of ex- 
act, observationally physicalistic “sci- 
ence. They may facilitate the cheerful 
relinquishment of the overheated nomo- 
thetic bias under which the development 
of psychc'ogy has jong suffered and 
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which is making the establishment of a 
molar-functional psychology an uphill 
battles. Acceptance of the probabilistic 
conceptivn, both for the propaedeutic 
study of ecology and for the functional 
analysis of perceptual or behavioral 
achievement, not only sets normative 
psychology on the right track; it also 
unites it methodologically with differ- 
ential psychology, thus lending ideologi- 
cal support to the inherently statistical 
character they both share, and making 
a virtue of this often bemoaned neces- 
sity. 

Psychology thus acquires the distinc- 
tive, well-circumscribed internal unity 
and coherence which we have long 
searched for, and the reality of which 
many of us have doubted. This unity 
emerges, as does perhaps all good unity 
of—and in—science, as one of method- 
ology or grand design. In both of its 
major aspects, representative design and 
functional theory, it centers about prob- 
abilistic texture and the ways of its ex- 
ploitation by the organism. The fact 
that organismic achievement and its 
reconstruction in psychology are char- 
acterized by certain similarities with 
predictive procedures in economics, me- 
teorology, and especially in the study 
of telecommunication through uncon- 
trolled, noisy external media, should 
help to bring into focus the family of 
sciences in its entirety. Such a focus- 
ing should help to set in proper perspec- 
tive our traditional thematic depend- 
ence on, or need for succorance from, 
a select few of the older disciplines 
which may have appeared particularly 
glamorous, especially physiology and 
physics. 
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THE PROBABILITY APPROACH AND NOMOTHETIC THEORY 


AS LEO POSTMAN 


Brunswik has made an eloquent case 
for the formulation of psychological 
laws in terms of probability linkages 
between environmental events and or- 
ganismic achievements (1, 2, 4). There 
are three main parts to his thesis. First, 
certain assumptions are made concern- 
ing the present and future aims of psy- 
chological description and theory; sec- 
ond, the inadequacies of the nomothetic 
or “uniformity” point of view for at- 
taining these objectives are pointed 
out; third, the constructive program of 
the probability approach and the asso- 
ciated method of representative design 
are presented. In this paper, we shall 
consider each of the opposed positions, 
in turn. The strengths and weaknesses 
of the probability approach and of the 
nomothetic point of view will be jux- 
taposed. While recognizing the cogency 
of many of Brunswik’s criticisms, we 
shall argue for a reaffirmation of the 
nomothetic position, 


Focus on CONDITIONS REPRESENTA- 
TIVE OF REAL Lire 


The aim of psychology, from the 
probability point of view, is to throw 
light on behavior as it occurs under 
natural conditions. “Psychology has to 
focus its descriptions on what the or- 
ganisms have become focused on” (4, 
p. 136). The order of ideas must be 
the same as the order of things. Many 
psychologists today would probably be 
willing to subscribe to this program- 
matic statement; research should ap- 
proach real-life conditions as closely as 
possible. But perhaps they would be 
tempted to subscribe to this objective 
more readily than they should. It is 
not necessarily true that investigations 
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are most profitably carried out under 
the very conditions which they are in- 
tended to explain. We are all familiar 
with the well-worn examples of engi- 
neering problems being solved through 
theoretical physics and pure mathemat- 
ics. Such, to be sure, is not always the 
course of events. Many applied prob- 
lems can be solved only in applied cory 
texts. Generalizations from restricte 

laboratory findings to spetific life situa 
tions must always remain precarious: 
There are, however, great advantages 
in entering the concrete situation arme" 
with conclusions obtained under con 
trolled, even though artificial, con% 
tions. As Hilgard has suggested, er 
principle once discovered in a bar 
controlled situation can be validated * 

a less well controlled one. Even thora 
the sole aim of learning experimentatio: 
were practical, it might prove economia 
cal to work in the laboratory in 0" a 
to find the leads worth testing in P™ 

tice” (7, pp. 358 f.). 

Even if we were to agree, then, 
the purpose of psychology is t° 
tematize our knowledge of behavior it 
it occurs in the organism’s habita an 
does not follow that the analys! “pe 
explanation of such behavior Ca” di- 
pursued only under “natural” coh b- 
tions. In behavior analysis, as i P y 
lem solving, the detour principe ton: 
provide the optimal road to so esl 
By turning our,backs on the come rtu- 
ties of behavior in the organism $ redid 
ral habitat we may arrive more SPE" ve 
at useful tools of analysis tha? A p 
allow ourselves to be guided by th pe 
parent lack of uniformity in då 
havior. 


} vie 
From the probability point of 
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PROBABILITY APPROACH AND NoMOTHETIC THEORY 


oS aad situations artificially produce 
highe ations among variables which are 
once than those found under natural 
a ions, Granted that the stimulus- 
dail E correlations as we observe them 
ela a ypically fall short of unity, the 
aah eey premises from which we 
aor ope to derive these facts of be- 
Sim veea not themselves have the 
ieme, contingency or probability 
GA nts. To quote Feigl, explana- 
zA aen be taken primarily to be a pro- 
which of inference, and “the necessity 
their e ps bestowed upon the facts by 
of the 2 anation is the logical necessity 
ence fr mplication underlying the infer- 
om assumptions to conclusions” 

re ce 284 f.). Stimulus-response cor- 
etivabh of less than unity should be 
Which € from explanatory premises 
Taide stated as universals. And 
ay aad of the explanatory premises 
ratory ully be tested in restricted lab- 
igh c Situations in which artificially 

Orrelations are produced. 


EMPHASIS on ACHIEVEMENT 


lite ey. related to the focus on real- 
Proba “inion is the emphasis which the 
Ba istic y point of view puts on or- 
of the or achievement. The responses 
Ured in anism are described and meas- 
lidity » terms of their “functional va- 
Banisny 1e., with reference to the or- 


about 
Teac 


S ability to attain knowledge 
tue objective environment, “to 
undi cognitively into the farther 
maS (1, p. 135). Thus, the 
f Ceiveg tween physical size and 
lidity 0 Size gauges the functional va- 
Mres the the size judgment, i.e., meas- 
©Ption degree toswhich the size per- 
Ment i 
T 


Tepresents a successful adjust- 
p anisi. € environment. Interest in 
onal anal achievement makes correla- 
tive meth, ysis the paramount quantita- 
Correlati od of probability psychology- 

on coefficients measure the ex- 

Which environmental contin- 
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gencies are properly evaluated by the 
organism. 

“Achievement” and “functiotl va- 
lidity” are terms which denote an 
evaluation of the organism’s perform- 
ance. With such evaluations we cannot, 
of course, quarrel. We may, however, 
raise the question whether such norma- 
tive considerations should mold the de- 
scription and analysis of psychological 
facts. Should such evaluations not come 
more properly after psychological de- 
scription and analysis? And they may, 
of course, implicitly precede such de- 
scription, inasmuch as they influence 
the investigator in the choice of his 
problems. The analysis of behavior 
gains in flexibility and generality if it 
is made without reference to adjustive 
value. 

Let me try to illustrate this point 
with reference to perception, where em- 
phasis on functional validity may result 
in limitations on the scope of inquiry. 
In the past few years, there has been 
considerable interest in the relation be- 
tween motivation and perception. Ex- 
perimental evidence has been offered in 
support of the hypothesis that motiva- 
tional factors may significantly influ- 
ence perceptual discrimination. If true, 
such facts should hardly be startling. 
Perceptual discrimination is, after all, 
behavior, and the study of motivational 
determinants of behavior is one of the 
major concerns of contemporary psy- 
chology. Nevertheless this work, quite 
apart from the many experimental un- 
certainties, has given rise to theoretical 
controversy quite out of proportion to 
the magnitude of the empirical results. 
The core of the difficulty lies, I believe, 
in explicit or implicit assumptions about 
the functional validity of perception. 
The function of perception, most of us 
firmly believe, is to give correct infor- 
mation about the distal environment. 
Hence, we’ expect peiceptual theory to 
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explain the ways in which such achieve- 
ments are realized. 

Novadata are presented indicating that 
in some’ situations there may be sys- 
tematic biases operating against func- 
tional validity. Neither a classical (psy- 
chophysical) theory nor a probability 
theory which is built around the prin- 
ciple of functional validity can readily 
assimilate such data. On the part of 
psychophysical theorists there has been 
a strong tendency to treat such find- 
ings, almost by fiat, as nonperceptual, 
e.g., by assuming that motivation may 
affect judgment or report but not per- 
ception. For example, Gibson (6) at- 
tempts to draw a systematic line be- 
tween “perception” and “mispercep- 
tion,” and Pratt (12) argues that only 
discriminations which show a univocal 
correlation with dimensions of the 
physical stimulus should be considered 
perceptual. Strong opposition has been 
expressed to the mere possibility that 
perceptions may be determined by so- 
called internal conditions of the organ- 
ism as well as by external stimulus pat- 
terns. As might have been expected, 
the specter of solipsistic encapsulation 
has been raised (8). The answer to all 
this is, of course, that we must not pre- 
judge the facts. Motivated perceptual 
selectivity either does or does not oc- 
cur. To the extent that it occurs, it is 
a function of specific and restricted 
antecedent conditions. How well per- 
ceptual discriminations correspond in 
any given situation to other measure- 
ments of the stimulus, i.e., its distal 
properties, is a further empirical ques- 
tion. . 

The probability point of view, to be 
sure, stresses the necessary imperfec- 
tions of perceptual achievement, due 
botii to the ambiguities in the causal 
texture of the environment and the 
limited capacity of the organism to uti- 
lize available cues. Variations in mo- 
tivation would be viewed as*contribut- 
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ing to the imperfections of achievement. 
However, since the problems of percep- 
tion are formulated primarily in terms 
of correlations between the distal prop- 
erties of objects and the responses of 
the organism, motivational variables are 
a source of “noise” interfering Wit 
the attainment of veridical information. 
The specific conditions under whi 
such variables are effective and the &* 
tent of their contribution do not be- 
come the focus of experimental inquiry, 
because achievement-centered observa 
tions are summed over a wide range ° 
motivational conditions. 

I have dealt with the motivation-P&™ 
ception problem at some length because? 
it illustrates the restriction upon analy 
sis and the loss of information whe 
we risk when we use achievement aS $ 
point of reference for the formulatio 
of our problems. 


THE PROBLEMS oF MEDIATION 
w is criti- 


PS ‘ je 
The uniformity point of vi oncerts 


cized on the grounds that it 
itself prematurely and unsuccess "tb 
with mediational processes, Ies fpe- 
the specific mechanisms intervening ` ig 
tween stimulus and response. There 
a tie-up between the nomothetl j 
microscopic attitudes. As Bruns j- 
says, these associated interests ™ prn 
formity and mediation lead to cone of 
with “artificially isolated proxima. p” 
peripheral technicalities of mediates 
(1, p. 262). From an achieven on 
point of view, principles of med! are 
established under such conditions hc- 
vitiated by the facts of vicarious pe 
tion: the same achievements cero! 
brought about By a,variety of d 
mechanisms, ike to 
The first question I would : es 
raise is whether there is indeed 4 ® etic 
sary connection between the nomo rot 
position and focus on mediation® Poi 
esses in general, and molecular ° phe 
croscopic processes in particular: 
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ei the _nomothetic position is 
ine a oks for uniform laws of behav- 
ma for stimulus-response correla- 
al ich are unity, or, at least, theo- 
ES conceived to be unity. The 
Ceed a such empirical laws can pro- 
waa b a descriptive level, without con- 
kind “4 mediating processes of any 
act, Whether molar or molecular. In 
ee te of those psychologists who 
mediati en an explicit position against 
a ional hypotheses are equally 
ner me the nomothetic camp. Skin- 
nes lez example (even though he de- 
ability memg as a change in the prob- 
Korist s 5 wees is a _nomothetic 
ulness x o vigorously denies the use- 
Writes: 5 Paper hypotheses. He 
eventual] Science of behavior must 
lation t y deal with behavior in its re- 
ie certain manipulable variables. 
ea neural, mental, or 
in these al—talk about intervening steps 
Promptin relationships. But instead of 
relevant g us to search for and explore 
Quite ioe they frequently have 
Viz, opposite effect” (13, p. 194), 
bae a false sense of security. 
cite him Te with Skinner, but merely 
carc o o aport: the point that the 
necessarily nomothetic laws does not 
Search ¢ y entail a commitment to 
esses, or microscopic mediational proc- 
imen And certainly the advocates of 
Geoch Slonal analysis,” such as Mc- 
bine a (10) and Melton (11), com- 
Nomothetic with a nontheoretical 
They have been guided in 
ensions erimental research by the di- 
learnin S of variation in terms of which 
md T experiments can be described 
take  aSured. Their generalizations 
1 tent form of°precise, quantitative 
“atning S about the dependence of 
Condition a multitude of experimental 
avoided S. At the same time, they have 
Not Problems of mediation and have 


en 
piri tured beyond the assertion of 
Ica] laws, 


e; 
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When nomothetic investigators have 
gone beyond the statement of empirical 
laws and have invoked intervening vari- 
ables, they have not necessarily turned 
to problems of mediation. Rather, the 
primary use of intervening variables 
seems to have been to help in the for- 
mulation of empirical laws. In first 
proposing the use of intervening vari- 
ables, Tolman made it clear that such 
constructs were to be used in the speci- 
fication of empirical relationships which, 
because of their complexity and because 
of the multitude of variables involved, 
defied any simple statement. The func- 
tion relating behavior to antecedent con- 
ditions, he wrote, “is a very complicated 
function . . . it is in fact so compli- 
cated that we at present seem unable to 
state it in any single simple statement. 
We find, rather, that we have to handle 
it by conceiving it as broken down into 
successive sets of component functions” 
(16, p. 91). At the same time Tolman 
was careful to distinguish such opera- 
tional behaviorism from what he called 
physiological behaviorism, in which the 
intervening variables would refer to cer- 
tain peripheral and central disturbances 
in the nervous system. Spence takes 
essentially the same position. Theories 
employing intervening variables “serve 
primarily as a device to aid in the for- 
mulation of the empirical laws. They 
consist in guesses as to how the uncon- 
trolled or unknown factors in the sys- 
m under study are related to the ex- 


te 
perimentally-known variables” (14, p. 
72). In short, many nomothetic theo- 


rists, and indeed the most influential 
have deliberately deferred the 


ones, efel 
problems of microscopic mediation. The 
behavioral scope of such theories de- 


s on the choice of stimulus and re- 
sponse units to which the intervening 
variables are anchored. Clearly, the 
larger the units chosen the less precise 
will be the predictions which can be 
made by means of the intervening vari- 


pend 
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ables. In that respect, the nomothetic 
view and the probability view are in 
the same boat. The difference between 
them lies in the reasons postulated for 
the failures of prediction. Proponents 
of the nomothetic point of view see the 
difficulty in inadequate knowledge of 
antecedent conditions, while retaining 
their belief in the essential uniformity 
of the behavioral laws (9); proponents 
of the probability view believe that the 
laws themselves must be stated in prob- 
ability terms. 

I would conclude that there is no 
necessary connection between the nomo- 
thetic position and focus on microscopic 
problems of mediation. The nomothetic 
and probability views do not need to 
differ with respect to the scope of be- 
havioral problems to which they ad- 
dress themselves. These two points of 
view do, however, clearly lead to differ- 
ent types of experimental design, and 
therein I see their most crucial and 
practically important difference. The 
problem of representative design which 
is generated by the probability point of 
view will be considered next. 


REPRESENTATIVE DESIGN 


On the methodological side, the prob- 
ability point of view calls for substitu- 
tion of representative design for the sys- 
tematic design which has become tradi- 
tional in psychology (1). Systematic 
design is distinguished (a) by the or- 
derly manipulation of a limited set of 
variables, with other variables held con- 
stant and (b) through practical neces- 
sity, by the use of only a restricted 
range of values of the variables manipu- 
lated. Both of these features are criti- 
cized as unrepresentative of the condi- 
tions which the organism encounters in 
its natural habitat. Systematic control 
is said to tie together artificially or to 
untie variables in ways which violate 
their natural concomitance. Further- 
more, when only a restricted range of 
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values is used, generalizations concern- 
ing the effects of a variable become pre- 
carious. In the light of these criti- 
cisms, representative design calls for the 
representative sampling of situations of 
objects as well as subjects. For such 4 
sample, correlations can be determine 
between distal and/or proximal ‘stimu- 
lus characteristics on the one hand, a” 
responses or achievements of the organ- 
ism on the other. The use of this 
design necessarily entails the abandon- 
ment of classical notions of control; We 
must take the interaction among vat 
ables as we find it in the situations ™- 
cluded in the sample. ‘There is, 50 1 
speak, controlled noncontrol of the vat 
ables. 4 
We must admit that the systematically 
controlled experiment allows of ony 
limited generalization concerning the oe 
fects of the variables manipulated. ith 
know this particularly to be true W- 
regard to motivational variables 1 bw 
man experiments where the experime” 
ter, for practical and ethical see 
can manipulate only a small fraction fit 
the range of motivational intensities 
countered in real-life situations. rie 
less obvious but probably equally oy 
ous ‘degree the same limitations 4P 
to some of the major parameters at- 
learning, such as frequency and the Pin 
tern of rewards and punishments: Jue 
the face of these difficulties, the Y% be 
of systematic experimentation on ) 
maintained for several reasons. 4, 
The systematic experiment serves ne 
termine the basic functional relati en 
ship between the variables studie Pe 
the shape of the function, which P pe 
then be extrapolated to values °” gri- 
variables not measuzed in the one 
ment. If the extrapolation is unsuce ad: 
ful, further experimentation is in ic ari- 
(b) The value of systematic eeh 
ments may lie not so much in estab otal 
ing the relationship between the -jp 
ranges of two or more variables 
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pace te implication of a theoretical 
jority ne It seems that a large ma- 
Aree of | current experiments in the 
Purpose, hg is conceived for this 
are beliey e to arbitrate between what 
cations a to be contradictory impli- 
man, *Th the views of Hull and Tol- 
tent lear e spate of experiments on la- 
3 Stan is a good example. (c) 
content ag experimenter may be 
eener A, e time being to restrict 
Studied alizations to the conditions 
Prelimin to build “miniature systems” 
Scale eri to the attack on the large- 
Ponents of ems. By and large, the pro- 
sis” haye so-called “dimensional analy- 
E adopted this position. 
and disad next consider the advantages 
Sign in oe of representative de- 
SYstemati eeting these shortcomings of 
sentative d experiments. That repre- 
ful has p esign is experimentally fruit- 
ingenious or abundantly proven by the 
Students studies of Brunswik and his 
Study of « Especially noteworthy is the 
(2) Sai focusing in perception” 
Situations ich a sample of size-judgment 
e subje Was obtained in the course of 
Petiment cts daily routine. This ex- 
Size con served to give the principle of 
ality. Seamed wide situational gener- 
these are ~cPtual experiments such as 
Dlication Peculiarly favorable to the ap- 
Tesnec, a representative design. With 
difficny <0 Other problems, very serious 
a May arise. 
A va we can proceed with repre- 
nowleg, Pling only if we have (a) 
Sampleq’s, Cf what the universe to be 
ate o a Particularly what the units 
wy, Which it is composed, and (b) 
features ve identified the dimensions or 
lin, i With respect to which the sam- 
© be representative. In an ex- 
Witement > Size constancy, these re- 
Muc i can be met without too 
Sample culty, The universe to be 
Pecific ag of size judgments of 
Jects at specific moments in 
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time. The parameters with respect to 
which we would want the sample to be 
representative are, among otherse the 
physical and retinal sizes and distances 
of the objects. It is these variables 
which have entered into the computa- 
tion of the correlation coefficients, in 
the study already cited, to determine 
the functional validity of the size judg- 
ments. 

We are confronted with very serious 
difficulties, however, when we contem- 
plate extension of such a design to other 
areas of behavior. Take learning as an 
example. If we were to embark on the 
enterprise of obtaining a representative 
sample of learning behaviors, the first 
question we would face would be what 
a unit of learning is. How do we iden- 
tify an instance of learning when we 
encounter it? I suppose we could ar- 
rive at some criteria, but these would 
inevitably reflect considerations derived 
from nomothetic theory. We could, for 
example, look for the appearance of new 
motor movements and identify each of 
these as a unit of learning. Or we could 
define units of learning as new-means- 
end relationships, in Tolman’s sense 
(15). Our choice of unit will critically 
affect the nature of the sample we would 
obtain, to say nothing of the correla- 
tions between stimuli, responses, and en- 
vironmental effects. I am wondering, 
therefore, whether it is possible to carry 
out representative designs which are not, 
in fact, large-scale nomothetic experi- 
ments, except for wider sampling of 
interactions among variables. Such at 
least appears to be the case when we 
go beyond the perceptual paradigm, but 
upon further reflection we may even 
Jude the perceptual studies 


want to inc i 
under this statement. For the choice of 
retinal 


the variables of physical size, 
size, and judged size implies nomothetic 
concepts concerning the conditions of 
size discrimination. 
A final word concerning, the noncon- 
> E 
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trol of variables in representative design 
experiments. The fundamental reason 
for eliminating systematic controls is, of 
course, the desire not to interfere with 
the free play of variables as it occurs 
naturally. One consequence of this 
approach is that we may deliberately 
forego the possibility of measuring pre- 
cisely the nature and amount of inter- 
action among any given limited set of 
variables. For example, if color is al- 
lowed to vary at random when we 
sample a variety of physical sizes, it 
may not be possible to ascertain the 
exact nature of the interaction between 
physical size and color in determining 
perceived size. This is as it should be 
if we are concerned only with the cue 
value of physical size over the total 
range of environmental conditions. We 
are, however, running a calculated risk 
of sacrificing potentially valuable in- 
formation. Suppose it were true that 
differences in color are important when 
the physical size is small but make no 
difference when the physical size is large. 
Since the color variable would not have 
been systematically controlled, the com- 
binations of sizes and colors necessary 
for establishing this interaction may 
not be present in our sample of objects. 
Moreover, the over-all correlation be- 
tween color and size judgments would 
be low, even though it might be high 
over a restricted range of physical sizes, 
and low over the rest. Since the nature 
and amount of interaction among varia- 
bles are not measured, it would be dif- 
ficult to apply the findings of representa- 
tive design experiments to the prediction 
or control of specific situations. 


CONCLUSION 


I would conclude, then, that nomo- 
thetic theory can meet the very im- 
portant and serious criticisms advanced 
by the probability position along several 
lines: (a) some of, the fundamental as- 
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sumptions of the probability position, 
particularly the focus on real-life situa- 
tions and achievement, are open to de- 
bate; (b) the multiple causation of be- 
havior and uncertainty of mediation 
processes do not preclude the usefulness 
of explanatory premises asserting unr 
versals; (c) both systematic and repre 
sentative design have a price to pay ™ 
terms of sacrifice of information—sy>- 
tematic design by artificially isolating: 
tying, and untying variables; represent- 
ative design by foregoing the measure- 
ment of the interaction of variables 7 
specific situations. Moreover, et 
sentative design in the last analysis mus 
start with nomothetic hypotheses 1n the 
selection of variables to be sampled a” 
correlated. e 
In summary, then, I would li 
put in a plea for the status quo. 
ever, there is room for ae 
istence of the two approaches. ~, 
search for nomothetic on of behavior 
cannot help but benefit from the P!° 
bilist’s reminder that behavior does ae 
begin nor end under the controlled a 
ditions of the experimental laborato 


ke to 
How- 
coex" 
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DISCUSSION OF PROBABILISTIC FUNCTIONALISM 


s ERNEST R. HILGARD 


© Stanford University 


We all owe a debt to Brunswik (2) 
for insisting that we should sample the 
environment as well as the individual if 
we are to develop a satisfactory science 
of human behavior. Let me first of all 
add an example to show that we need to 
test our generalizations in the widest 
range of ecologies. 

The example is from some unpub- 
lished work of Sears and Whiting (4) 
concerned with the effect of child-rear- 
ing practices on personality. Sears set 
out to study the later consequences of 
the time of weaning, in line with the 
Freudian conjecture that weaning is 
frustrating, and so, if attempted too 
early, results in later disturbances of 
behavior. Sears found, contrary to the 
Freudian hypothesis, that the earlier 
the child was weaned, the less he 
showed certain types of disturbed or 
neurotic behavior in later childhood. 
The relationship was systematic enough 
to show a degree of lawfulness, the least 
neurotic children being those who had 
been fed from a cup at birth, and the 
amount of disturbance increasing with 
the postponement of weaning. I am 
making no effort to describe the study 
in detail, for I can make my point with- 
out more precise specification. 

Now Whiting, following the same line 
of conjecture that Sears followed, and 
working as an anthropologist together 
with Sears in the same Institute, as- 
sembled data on a wide range of non- 
literate cultures. He, too, was able to 
show a relationship between age of 
weaning and later disturbed behavior 
of the kind agreed upon between him 
and Sears and of the same sort that 
Sears had studied. But the relation- 
ship that he found, while also lawful, 


was the inverse of that which Sears 
found: he found that the later the wean- 
ing, the less disturbed the later behav- 
ior. Here is a superficial contradiction. 
It turned out that the range of weaning 
ages in our culture is much more 1è- 
stricted than that in primitive cultures. 
The late weaning studied by Sears WaS 
at about a year of age, while the ean 
weaning studied by Whiting was at tha 
age, and the late weaning’ for Whiting 
came at three or four years of aby 
Where the two populations, the 10? i 
literate population and the Western CU 
ture, overlapped in weaning 48° ot 
amount of neurotic behavior in bO 
studies agreed. I hope that I hav’ 
made my point clear. The contradic 
tion between the Sears and whit 
findings reduces to a difference in the 
ecological sampling of weaning ag@S- 
give this illustration in support 
Brunswik’s caution that we may ine 
into trouble unless we sample the W 
range. p 
I would not go the further step, no 
ever, and say that Brunswik’s wise 5 
gestions force us to the rejection ae 
nomothetic approach. I believe tha 
can incorporate his suggestions wit en- 
revolutionizing our logic of experi™ 
tation. when 
Let me put this another way: we 
we talk about scientific metho w 
often lose sight of the substantive P es 
lems that the practicing scientist 1 
The aim of science is; after all, 2 mi on 
simple one: to yield new informi p- 
about things and events and relat e, 
ships, information that is communi? gd 
verifiable, reasonably economical, sci- 
relevant to our needs. Hence u e- 
entist, in order to meet these red 
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ments, must have a feel for his subject 
matter; he must work in an appropriate 
scale of time and space. If he is meas- 
uring tree trunks, he doesn’t use mi- 
Ctometers, and if he’s studying the 
8tatings of crystals, he doesn’t use yard- 


Bk Now, the use of a micrometer 
but a yardstick is logically the same, 


his scientist has to adapt his tools 
io eee There are no guaran- 
simp] p scientist will do good work 
ee ecause he uses one scientific 
aie be another. His critical methods 
partio p, “aaPted to the pitfalls of his 
ar kind of experimentation. 

oe tee test-tube experiments 
i problems, as indicated by 

ments a o unswik, so have experi- 
A se nema designs. Some 

y ea, ifficulties were well described 

the Pi (3), and I will not review 
lem that Would call attention to a prob- 
Correlatio; arises in connection with the 
in nal study of size constancy, as 

this is t Tunswik’s investigations (1); 
designs © point out that representative 
Other ee no more foolproof than the 
his ee of systematic design. In 
to Stine the subject was asked 
ih a nae the size of various objects 
Poles 7, Wal setting—trees, telephone 
jects op 210S, bookcases, inkwells, ob- 
Wide as Wide range of size and at a 
Were ta ge of distance. The estimates 
Correlation. accurate, as represented by 
Size (as > Coefficients between physical 
Object) measured at the surface of the 
het oa the estimates by the sub- 
e o fin such high correlations could 

n poed with this range of data 
; a ay errors in detail; some 
Ome ope, 28 Sreat,as 3:1, that is, 
5 its onset be reported as 3 
i Without Ct Size, or %4 its object 
M the 90. distorting the correlation 
te, Suppose o 
Deateq 

€ Woul 


a ue the experiment were 
en a blindfolded subject. 
Core pretty high, too, by as- 


signing a size appropriate to the name 
of the object, that is, a house size, an 
inkwell size, a book size, etc. His esti- 
mates too, like those of the,subject in 
Brunswik’s experiment, would be much 
nearer to object size—that is the distal 
size—than to proximal photographic 
size. Of course, he would not have a 
basis for estimating proximal size, for 
he would not be told the distance of the 
object, or even if he would be told the 
distance of the object, he would have 
no way of using it. In other words, 
the main conclusions from Brunswik’s 
research in the perceived size constancy 
would be obtained with a subject who 
could not perceive because his eyes 
were bandaged. This follows because 
in this experiment there is an artificial 
tying between known size and per- 
ceived size. This kind of error could 
not occur in the laboratory study of 
size constancy. 

I am not seriously suggesting that 
Professor Brunswik should have used a 
blindfolded subject as a control in his 
experiment, yet the suggestion is not 
actually farfetched. I am making the 
point only that critical experimentation 
is always difficult, and no general meth- 
odological solution will take care of all 
contingencies. 

I had the feeling, in listening to the 
papers, that there may be some con- 
fusion in overemphasizing the contrast 
between nomothetic and probabilistic 
methods of science, in view of the fact 
that this contrast is found only in se- 
lected illustrations. The contrast is 
very slight, for example, in the biologi- 
cal study of genetics where a definitely 
nomothetic gene theory works hand in 
hand with the statistics of Mendelian 
theory, say in population genetics. Simi- 
larly, some of the solutions of problems 
in thermodynamics are definitely prob- 
abilistic without seriously conflicting 
with nomothetic laws of energy trans- 
formation. Thenglore, a nomothetic 
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approach does not require a single track 
or a microscopic explanation; I think 
this point has already been made by 
Postman. o And the matter of uncer- 
tainty: surely uncertainty does not arise 
just because of the uncertainty of the 
environment but also in many other 
ways, so that the distinction between 
lawfulness and statistics is not unique 
to the distinction between systematic 
experimentation and representative de- 
sign. 

Now the matter of working back- 
wards from after-analysis. This bothers 
me in view of certain very serious prob- 
lems of partial correlational analysis 
which I am not going into; but let me 
simply say that many of the analyses 
we have had of the nature-nurture 
controversy by means of correlational 
analysis lead me to suggest that cor- 
relation is an instrument of the devil. 
One has to be extremely careful in mak- 
ing any kind of analysis into scientific 
laws on the basis of correlational analy- 
sis unless one already knows the causal 
determiners which are, in a sense, 
nomothetic. That is, if you know the 
nomothetic analysis, then you can 
specify sizes, etc., in terms of correla- 
tion. 

And then I wonder also if the use of 
aftereffects would have worked, say, in 
the fields of bacteriology or dietetics 
which Professor Brunswik has men- 
tioned in passing, as he spoke about 
enriched bread, or chain smokers. I 
wonder, for example, if a study of re- 
covery from pneumonia would ever have 
found that those people who recover 
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more rapidly are those who happen to 
have taken penicillin; or that the cor- 


relation between diabetes and insulin . 


would” have ever resulted just from 4 
very careful correlational study of dia- 
betes and its recovery without some 
kind of experimental intrusion in the 
way of systematic design. It is very 
easy to pick examples on one side oF 
the other; perhaps it’s unfair to do 50, 
but if you can pick examples on bo 
sides then the question of which metho 
is better seems to me a practical 0nê 
rather than one of basic theory. 

And thus I find myself led to a con 
clusion rather like Postman’s, in defense 
of the status quo. Perhaps I can pate 
phrase my attitude toward the nomo- 
thetic-probabilistic design problem in 
this way: I should wish to be as nomo- 
thetic as I can be, while as probabilis- 
tic as I have to be. If we were to 4° 
cept this solution, I think we pa 
have learned the major lessons tO 
taught us by Brunswik. 
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Ea feel that the differences among us 
and p pany differences in preferences 
iA or perhaps of practice, or of 
Einstein runswik, to use a cliché of 
le.” ee that “God does gam- 
Us has ink He does not. Neither of 
ior: any access to God, neither of us 
ay ang so it’s just a matter of pref- 
man’s. Che difference between Post- 
nm bi a and my position is that 
Fein ie want to bite off more than 
everythin ew, and I want to bite off 
again į g in one big bite, and that 
n 1s a difference of taste. 
4 aS face of Brunswik’s persua- 
hy ments (1), Postman (6) has, 
an aa countered each one with 
oint for, Persuasive counterargument. 
tether n (except for one or two 
associate portant ones) I would like to 
Ments, myself with those counterargu- 
least fair) y most general (and perhaps 
jon may pa AHON to Brunswik’s posi- 
he has ike summarized by saying that 
and ma €n a methodological criticism 
eg of it a cosmology. 
Chie Ae with him when he says, “The 
design coe against any systematic 
that on the laws derived from it is 
cerpretatio entail definite dangers of in- 
We should Be Of course they do! And 
Wik al € eternally grateful to Bruns- 
erting us to some of the dan- 
Pretat;, MSinterpretations. But inter- 


Siv 


ati 
fill a ave been, are, and always 
Yin, e toug might say, as satis- 
Cause th hey aré dangerous. Just be- 
pon ; in exist dangers of interpreta- 
rs a seeking after nomothetic 
ee me „argument at all for intel- 
pa È Signation. We must avoid 
ath Out the baby with the dirty 


a 
*t—even though the experi- 


mental water be as murky as Brunswik 
believes and even though our psycho- 
logical baby be as mewling and puking 
as our critics assert. And besides— 
some of us prefer to interpret danger- 
ously rather than to correlate safely. 

But of course Brunswik’s champion- 
ing of probabilistic theory does not de- 
rive only from his fears of “definite 
dangers” of interpretation. He asserts 
and reasserts that all relations in psy- 
chology remain probabilistic in prin- 
ciple. And here he loses me completely 
—or almost completely. Later I shall 
indicate a possible reinterpretation of 
Brunswik’s dictum with which I have 
some sympathy. 

I will agree that thus far we have no 
one-to-one relationship in psychology. 
I will agree that correlations of less 
than unity can be useful. I will even 
agree with Brunswik’s very acute ob- 
servation that psychology seems to be- 
come more and more probabilistic as it 
becomes more and more molar. But 
nevertheless I remain singularly unim- 
pressed with his plea that we must go 
the whole hog and assert a probabilistic 
theory. The reasons for my recalci- 
trance are fundamentally matters of 
preference and faith. I prefer nomo- 
thetic laws. I have faith (with Ein- 
stein) that unambiguous regularities will 
be discovered. Let me, therefore, spell 
out my intuitions (rather than reasons) 
for disagreeing with Brunswik. And in 
so doing I think that I can take on 
Postman at the same time. 

Postman, in countering Brunswik’s 
charge that the uniformity point of view 
concerns itself with mediational proc- 
esses, argued that Brunswik’s charge 
simply was not true, That is, Postman 
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maintained the thesis that there is no 
necessary tie between the nomothetic 
and tke microscopic attitudes. Here is 
where I believe Postman nodded, and 
here is where I believe that Brunswik 
has the better of the argument. I 
would not only confess to Brunswik’s 
charge, but I would loudly assert, with 
complete lack of shame, that this tie 
is the crowning glory and wonderful 
promise of the uniformity point of view. 
In other words, Postman denies a virtue. 
Postman, in denying this grace, takes a 
Brunswikian achievement point of view 
and argues that constructs in psychol- 
ogy are useful only to the extent that 
they help us in the description and pre- 
diction of behavior. And then Postman 
attacks the neurologizing psychologists 
because of their unbusinesslike behavior 
of being too free with promissory notes 
by quoting Kessen and Kimble’s (3) 
criticism of my own speculations (4) 
to the effect that “the mere claim that 
a theory is neurological does precisely 
nothing to give it greater authority than 
a purely psychological approach.” 

And here is what I would have to say 
to both Brunswik and Postman (re- 
member—I am spelling out my prefer- 
ences, faiths, and intuitions) : 


a. I have always made it a cardinal 
principle to live beyond my income. 
And although I have yet to find a one- 
to-one correlation in psychology, Pro- 
fessor Brunswik—or between psychol- 
ogy and neurology, Professor Postman— 
I am always ready to make another 
promissory note and promise that if you 
bear with us we will find uniform laws, 
Professor Brunswik, and we will find a 
neurological basis for behavior, Profes- 
sor Postman. And if I can’t pay off on 
my first promissory note I will come 
seeking refinancing. For deficit financ- 
ing, it seems to me, is a sound economic 
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principle—it certainly is a sound eco- 
nomic principle for any enterprise based 
on faith; and certainly science and the 
intellectual enterprise is that. I have 
faith that despite our repeated and in- 
glorious failures we will someday come 
to a theory which is able to give a con- 
sistent and complete description of re- 
ality. But in the meantime, I repeat, 
you must bear with us.* 

b. My second point boils down to 2 
simple “Down with Prediction!” 
course we all want to predict. As 4 
scientist I want to encompass the uni- 
verse. That is, no matter how usefu 
probability statements may, be, and 20 
matter how useful one-to-one correla- 
tions between stimulus and response 
may be, I still feel a lack of completio? 
in a correlation coefficient of 
Even if a hypothetical construct doe 
not add one whit to my predictive 
power, I would feel much happier fo 
having that construct if it promises 
bring into the matrix of correlations one 
more observable event, useless thous? 
it may be for the psychologist gua PSY 
chologist. sis 

c. My third point gives me an oppa 
tunity to agree with Brunswik G 
though on my own terms), and I Fe 
that is the proper way to end my oe 
ments. I am convinced that it is 9 a 
microscopic world that one will m o 
readily find uniform laws. APC pe 
Brunswik is eminently right whe? oe 
argues that psychology becomes aes 
and more probabilistic as it bec? $ 
more and more molar. In that Sers., 
understand and agree with Beane 


dictum that all relations in “PSY 


S. 


for 
1As I ready these informal comment to 
publication I cannot refrain from point’ g 
our recent article on enzyme concen erns 
in the brain and adjustive behavior P toke” 
(5) as representing, perhaps, & parti isso" 
payment on my many outstanding P¥° 

notes. 
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gey (read “molar psychology”) re- 
main probabilistic in nature or in prin- 
ciple. But if that is so, then if we are 
ever to build theory in behavior, we 
aa as Feigl (2) has expressed it sev- 
al times, stop being “psychologists” 
ee read “molar psychologists”). In 
er words, since molar psychology is 
an ed to probabilistic relations, then 
be) a4 is our aim (and it need not 
a $ et us be done with isolationist 
tials Psychology (psychology qua psy- 
R Ee behavior qua behavior), let us 
etn “i sociology qua sociology, 
a ae Ogy qua anthropology, let us 
“re frigùtened by that awful word 
Uctionism,” and let us seek really 
come unified scientists by con- 


Scious} 
y espousi cts Ce ere 
Proach, Pousing the “microscopic” ap: 
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Tolman and Brunswik (1, 24, 25), per- 
haps more deliberately than any other 
psychologists in the more recent devel- 
opment of the functionalistic approach 
in psychology, have emphasized the 
mutually substitutable nature of the me- 
diating processes which occur between 
the environmental situation (stimuli, 
cues, means), and the responses (or 
achievements) in the behavior of or- 
ganisms. Brunswik, with sovereign and 
perspicacious knowledge of the history 
and the systems of psychology, has illu- 
minated in several publications (see es- 
pecially 2, 3) the relationships of vari- 
ous ways in which scientific research 
may “focus” upon the subject matter in 
the biological-psychological area. The 
“thematic” and “tactical” differences of 
these various determinations of the type 
and level of research are not only com- 
patible with the logical empiricist con- 
ception of the unity of science (for an 
exposition see Carnap, 5; Feigl, 6, 7), 
but actually support the conception of 
a unitary science precisely because of 
the obvious relationships between the 
assorted possibilities of focusing. It 
seems to me indeed only a tactical (if 
not a historical-terminological) question 
just what type or level of analysis one 
wishes to reserve for psychology, and 
which other focusings one wishes to 
delegate to biological ecology, physi- 
ology, neurology, or sociology and an- 
thropology. z 

The mutual substitutibility (“vicari- 
ous fvactioning”) of the mediating proc- 
esses in organisms is indeed a striking 
feature. Biological thinking has borne 
its imprint for a long time. There is 
relatively littl- in tke inorganic parts of 


nature (but of course a good deal in 
such inorganic artifacts as the servo- 
mechanisms) which invites the sort 0 
concept formation which is so prevalent 
and fruitful in the bio-psycho-social sci- 
ences. Some imaginative scientists (not 
to mention several excessively imagina- 
tive philosophical cosmologists) bave 
perceived principles of orgarization even 
in stars and atoms. But while Pail 
exclusion principle might indeed 
viewed as basic to chemical organiza- 
tion, and Kéhler’s physical Gestalten 
(14) may describe a great deal a 
organic and organismic patterning, v 
carious functioning” or ‘“means-e? R 
relationships seem primarily characte’ 3 
istic of the biological level (and ven 
thing above it in the pyramid of the ae 
ences)—and of course in man-made ™ 
chines. 
Since scientific research zealously looks 
for regularities—be it for the sake i 
prediction, explanation, or coni a 
will fasten upon any sort of law r 
lationships wherever it can find t ari- 
Regularities, however, are of many y 


<7 10); 
ous forms and types (see Feigl oe 
there are those which we (rather the 


guinely) consider “basic,” VZ? pda- 
regularities formulated in the re 
mental laws of theoretical’ physics? ‘ye 
there are other regularities whic velo 
obviously dependent on the struc i 5- 
the systems (e.g., drops, bubbles, ©. 
tals, geysers, machinés, organismy ho- 
cial groups, etc.). Phenomena erative 
meostasis (e.g., regarding the 5 e of 
stability of the blood temperatt™ 1.) 
the blood sugar level, etc., in mangit 
provide a good example of regu and 
which depend on the structure 
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ae functions) of living organisms. 
A regularities of perception, learning, 
tai Motivation as studied in behavior- 
Nis psychology likewise depend on the 
ae structure and functioning of 
ri Pieni, i If the “life,” i.e., the 
studied, | decline, of fixed stars as 
talec] in astrophysics had as much 
Site Ogical” and developmental regu- 
Fa se Pe does the life of organisms, 
ie probably have a scientific 
the oh „and theory of adaptation of 
onic.” as we have ecological, evolu- 
and ic, and developmental biological 
Prychological disciplines. 
onas knows, perhaps better than 
a Science se, that the subject matter of 
Si can be “carved out” in a num- 
one au Ultimately there is only 
ich i by which scientists decide 
able: « ays of “focusing”? are prefer- 
* “By their fruits ye shall know 
ut what sort of fruits are de- 
ner’s ca on one’s interests. Skin- 
Krech’s aa fruits do not satisfy 
kinners 4 ) appetites—and vice versa. 
iction-f Interests are focused on pre- 
2 un, dere sake-of-control; Krech’s 
ner, Ji anding and explaining. Skin- 
has hi e many a positivist before him, 
Policat e especially on the practical 
lons of science. The systematic 
wly his experiments selects certain 
avior an ig segments of be- 
US conditi examines them under vari- 
Th laws ws of drive, stimulation, etc. 
Barding : which he establishes, e.g., re- 
high] . i ponse frequencies, are thus 
tistica dable, though of course sta- 
Brunswigee’ not strictly deterministic. 
St yi S own research on size con- 
e pe perception, to which 
H Drot in the present symposium 
Plin, eds by representative sam- 
actuali us achieving a “close-to-the- 
so ituation character”) and 
t i li results in statistical laws; but 
ttle concerned with a detailed 
the mediating processes as is 


them,” 
sirable d 


Skinner’s psychology of the “empty or- 
ganism.” The more ambitious attempts 
of Tolman, Hull, Spence, and otkers to 
derive behavior regularities from vari- 
ous systems of theoretical postulates 
strive for more comprehensive unifica- 
tions than Skinner or Brunswik in their 
respective (and different) procedures 
could ever achieve. But the success of 
molar behavior theories is still quite 
problematic, even if for the present it is 
more distinct than that of neurophysio- 
logical theories. 

In view of the controversial question 
of the fruitfulness of the more highly 
theoretical approaches, one can readily 
understand why Brunswik tends to limit 
the subject matter of psychology to the 
study of certain (statistically certifi- 
able) teleological relations between en- 
vironmental and achievement variables. 
There is much in the common life con- 
notations of the term “psychology” 
which would justify this delimitation of 
subject matter. But Brunswik, in so 
restricting his enterprise, cannot plau- 
sibly claim to produce a psychological 
theory. As I have argued at some 
length elsewhere (9), it may well be 
that sooner or later we shall have to 
recognize that explanations of the me- 
diating processes can be given fruitfully 
only in terms of neurophysiology. In 
order to prevent misunderstandings I 
wish to say, however, that I should be 
very happy (and perhaps not too sur- 
prised either) if typically molar be- 
havior theories were destined to suc- 
ceed better than they have thus far. 
After all, classical thermodynamics was, 
and still is, a very powerful theory— 
independently of its (even more pow- 
erful) molecular interpretation. Here, 
with some reservations, I share the 
hopes expressed by Postman (21) and 
Hilgard (13). 

The teleological patterns of percep- 
tion, learning, and action may lend 
themselves to explanations of more or 
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less unitary form on the molar level. 
But an explanation of the very func- 
tioning of teleological mechanisms can- 
not be teleological itself (Nagel, 20); 
it will no doubt have to be of a rela- 
tively micro- or molecular character. 
This, I take it, is the lesson to be 
learned from cybernetics. The unifica- 
tion of the sciences which is being 
achieved along these lines is indeed 
much more exciting, though admittedly 
more problematic, than the merely 
methodological or empirical unity of 
science. With the abandonment of the 
earlier (logical positivist) thesis of the 
translatability of scientific theories into 
observation language, the more am- 
bitious thesis of unitary science becomes 
again more vital and pertinent. The 
empiricist requirement, as we under- 
stand it today, demands only that the 
nomological net of scientific concepts 
and propositions be tied to observables 
in certain points. More accurately, the 
primitives of scientific theories are given 
their meaning by implicit definitions, 
i.e., by the postulates that combine 
them into a network with one another 
and with the observables. 
Operationism, once helpful in elimi- 
nating metaphysical elements from the 
scientific enterprise, has tended to over- 
step the limits of its usefulness. There 
is, and here I agree with Krech (15, 
16), in this day and age no longer any 
reason to be afraid of hypotheses. But 
(as I wish to remind Krech) it is of 
course wise to label as “promissory 
notes,” “hopes for theoretical postu- 
lates,” or “explanation sketches” what 
in present day neurophysiology can be 
regarded as no more than a program or 
blueprint for the derivation of behavior 
laws. Radical operationism has tended 
unduly to restrict psychological concept 
formation to purely “intervening vari- 
ables” (see MacCorquodale and Meehl, 
18), i.e., to dispositional concepts which 
are merely shorthand for empirical laws. 
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It is questionable whether there are 
any important concepts at all in psy- 
chological theory which can be ade- 
quately conceived as pure intervening 
variables in this sense. (For a sug- 
gestive discussion of “conventional con- 
structs,” i.e., concepts which are neither 
pure empirical dispositionals, nor physi- 
ological existentials, see Lindzey, 17.) 
It will not help much either if interven- 
ing variables are construed as “open 
concepts,” i.e., as dispositionals intro- 
ducible by sets of test-condition — test- 
result conditionals open to additional 
(partial) specifications of meaning ° 
the same (conditional) form. It is the 
distinctive mark and advantage of any 
theory with genuine explanatory pong 
that it enables us to derive the total a 
of those conditionals. What wou 

otherwise remain a miscellaneous CO” 
lection of empirical laws or correlations 
thus acquires the sort of unity whic 
only a theory can engender. Existent 
hypotheses or conventional construc g 
thus play a vital and indispensable ro! 3 
in theory construction; the atomic A 
potheses in physics and the neurophys! 


ological hypotheses in the behavior sci- l 


ences are in many ways analogous, g 
one another as regards their unify” 
power (see Feigl, 8). + the 
Unitary science, understood i , 
sense of nomological nets (tied to pod 
of observation), has no sharply s 
rable parts or provinces. Only prac 
divisions of labor, convenient pun 
demarcation of research, can be pet 
nized as separating psychology dé 
biology or physiology on the one thet 
and the social sciences on the Ot; 
Even if Brunswik’s own predilections : 
defining the subject matter of his P j 
abilistic-functionalistic psychology 7 
vent him from attaining the theot® car 
level in his research, he has—in the 
pacity of a metatheorist (i.e., aS 2 Da 
parative methodologist of saon oh 
provided extremely valuable sug8° 
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regarding the place of psychology in 
ae tem of the united (or rather 
iting) sciences, 
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IN DEFENSE OF PROBABILISTIC FUNCTIONALISM: A REPLY 
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There are two aspects of probabilistic 
functionalism: representative design and 
functional theory (11). Let me con- 
sider the arguments concerning theory 
first. 

1. As a starting point, let me take 
exception to the use of the term “uni- 
formity point of view” in contradis- 
tinction to “probability point of view” 
and also to the identification of the for- 
mer with the nomothetic approach with 
which Postman’s cogent analysis (27) 
begins. Uniformity is a matter of re- 
ality, or of beliefs about reality, while 
the search for laws is a matter of what 
to admit to representation out of that 
reality. I suspect that one of the main 
sources of confusing the existential with 
the representational in the present con- 
text is the otherwise splendid book of 
readings on contemporary psychological 
theory by Marx (24) in which papers 
by Hull (20) and by myself (5) were 
rechristened and juxtaposed under the 
above labels by the editor. These pa- 
pers had originally been part of a sym- 
posium in which Lewin (23), for once, 
joined forces with Hull if only in com- 
mon defense of the nomothetic point of 
view against my own plea for prob- 
abilism. 

The term “uniformity point of view,” 
which I myself have never used, errone- 
ously suggests that being a probabilist 
excludes the belief in uniformity, per- 
haps in the way in which some of the 
quantum physicists—or in quite another 
way the vitalists—do not believe in uni- 
formity. The allegation which Hull 
made in the same vein at the beginning 
of his paper, asserting that I do not be- 
lieve in the “existence” of laws appli- 
cable to behavior, is thus based on a 
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misunderstanding. The same holds for 
the present remarks of Krech (22)- 
Contrary to what he imputes, I do, be- 
lieve that “God does not gamble”; I 
fully realize that the impasse of qua? 
tum physics is irrelevant to our cas® 
uncertainty being for all practical pu" 
poses wiped out at the level of physi¢ 
macrolaws—which are still microlaws t° 
us psychologists—and that, vitalism !5 
mere dogma. ; 

But the crucial point is that Ne. 
God may not gamble, animals an put 
mans do, and that they cannot help ks 
to gamble in an ecology that is er i 
sence only partly accessible to t 
foresight. And although an infinite oa 
omniscient intellect could operate © 
law and ratiocination alone, as 4 PS a 
chologist even such a being would T T 
to follow the methodological postu í 
of behavior-research isomorphism ic 
p- 25) and operate at the probabil E 
level of discourse. As in geography i] 
textural ecology, this does not er ils 
the negation of law; it merely erpin 
relinquishing attention to law wes 
certain contexts. As these disc!P noe 
do not go “beyond” law, we 4° o i5 
either; and as they are sciences, 5 
probabilistic psychology. not 

As we all recognize, I presumes, ces” 
only the legitimacy but also the ” sta” 
sity of the strictly descriptive tbe 
tistical disciplines in addition t° pat 
nomothetic sciences, it would see™ enc 
Krech’s as well as Feiyl’s (15) te? pasic 
to relegate the definition of tbe efer- 
thema of a science to personal PP jog 
ence and taste amounts to 4 shin ip 
away from the tasks and obligation re- 
herent in the scientific potential ° a of 
ality. Each level of parsimony 
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Bae zation, from the most disjoint- 
- enumerative description to the 
[ene een of laws, entails a chal- 
ara T own. As there must be a 
that all F occupations in a society so 
ite the potential demands are filled, 
equitable dix at large there must be an 
of potent; onus among the variety 
uction al themata. Insistence on re- 
can onl as a universal goal of science 
a aed result in blighted spots on the 
AA 2 of scientific enterprise. Rather 
Ore o miiting functional psy- 
this ke es sciences, advocates of 
e i AN ae of reductionism— 
ases of the hi groups or even entire 
are embarki istory of our science— 
a foe ee on a self excommunica- 
robabi psychology. 
al ilistic functionalism is not, in 
as ous to reduction. It merely 
Ding o Strelational achievement map- 
the top Senetalized functional arcs at 
ch. ji). ne hierarchical pyramid (10, 
Media a, is followed by the macro- 
Nt strate analysis of vicarious attain- 
this p 8y. As to the third level 
Micr, ee the reductive study of 
TOfessor lational tactics, I agree with 
the e it Hilgard (19) that this and 
not pa ae 2Omothetic approach should 
*Proach of laced” by the probabilistic 
Would 197 the two top levels, although 
Bina] a place reductionism in a 
oe executed m Pa psychology unless 
ictional a: rm contact with the 
W, €, We ‘iis aims. In order to re- 
ig ° _ Must Akk know what to reduce. 
Ane e fom, above that 
Be tiona sa such high-complexity 
Whit tantty ae as the lens model. 
a S a 2) hasin effect done so 
e Of Ke mpted a reductive explana- 
Bing, “Wifinality” in terms of Pri- 


Rats o D 

of ics e Open-system thermody- 

k the “lay. also 10, pp. 42 f.). Most 

phi > that play a part, say, in 
ce 1] Ory were gathered at a sur- 


O: . . 
f complexity, and either in 
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oblivion of, or in but casual or mysteri- 
ous contact with, the more broadly 
functional contexts in which thes» are 
embedded. 

The nomothetic-reductionist-system- 
atic type of approach has in the past 
been overstressed at the expense of 
the probabilistic-functional-representa- 
tive approach, notwithstanding all the 
epoch-making discoveries to which Hil- 
gard has referred. We have had all of 
the former and nothing of the latter for 
too long. Now we must balance psy- 
chology in the molar and molecular 
realm. 

In contrast with most previous move- 
ments in psychology, probabilistic func- 
tionalism thus does not exclude any- 
thing; rather, its scope is encompassing 
enough to allow us to envisage a sys- 
tem to end all systems. 

2. We have recently been admon- 
ished by Koch (21) to expand the use 
of the label “theory” beyond the nomo- 
thetic endeavors in the narrower sense. 
What Koch, and probably Feigl in the 
present symposium, mean by “meta- 
theory” is theory about theorizing, per- 
haps including matters of differential 
thema and design as subsumable under 
the label of comparative methodology. 

But it seems to me that the liberali- 
zation of our notions of theory must go 
still further. We must include within 
the scope of theory proper the substan- 
tive part of functional considerations 
also, involving primarily the structure 
of the lens model as a ratiomorphic 
explication of achievement rather than 
merely its reduction to physiology or 
physics. This model involves focal 
points, areas of unspecificity, mecha- 
nisms of substitution, and other devices 
of multiple mediation. When Feigl de- 
mands generality of a theory, the lens 
model has it: in fact, the very essence 
of generalized achievement is incor- 
porated within it, and it can be trans- 
ferred from perception to action and 
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other psychological functions. It even 
aah pre 

may be used for “explanation” in the 
sensé of subsuming a single act under 
a generalized “wish,” ascertained by the 
probabilistic application of operational 
criteria of “purposiveness” such as those 
of Tolman (see 29, ch. i). The lens 
model also has productivity: predictions 
concerning the efficiency and foolproof- 
ness of functional attainment, concern- 
ing performance in other areas or di- 
mensions of the ecology, and so forth, 
may be “derived” from it, and the prob- 
abilistic character of these derivations 
should not detract from the potential 
rigor and objectivity of the Procedures 
involved. 

In other words, we must restore the 
term “model” to its original meaning, 
as in speaking of a model of San Fran- 


speaking of “mod 
gists have come to confi 


Professor Feigl’s reluctance 
with the cherished technical Meaning of 
the term “theory” is, to be sure, rein- 
forced by the Majority trend in Tecent 
Psychological “theory construction.” 
But we must insist that the opening 
up of probabilistic vistas requires some 
flexibility, some of the “positivism, 
not negativism” which he himself has 
preached in other contexts (13) but 
which, as it must seem from his re- 
marks, he has not always exercized 
when the challenge was to recognize the 
growth potential of the psychological 
thema, This technical meaning of the- 
Ory, incorporated as it is in Feigl’s 
hierarchy of “levels of explanation,” 


to part 


which stretches from strict description 
through surface laws to low-order and 
high-order theory (14), reveals only too 
clearly its origin in the situation in 
physics with its reduction of, say, the 
low-order theory of planetary motion yy 
Kepler to the higher-order theory © 
gravitation by Newton and eventually 
to the theory of Einstein. Trying to 
enforce this content-bound schema on 
another domain is but one more uit 
Stance of thematic physicalism. Like 
all automatic transfer of content-alien 
Scaffoldings, it can only result in ob- 
Scuring the indigenous thema and theo- 
retical structure of the host discipline- 


That the question of the applicability j 
the term “theory” cannot be dismissed aie 
mere matter of terminology became clear n’s 
me when I was asked, at Gustav Bergm raie 
instigation, to write a note on one of in 
less well-known papers by Hammond, one by 
which the situation created in psychology to 
representative design was set in analogy Fas 
that in relativity physics, with special i 
ence to the fact that in both cases regulari be 
hitherto considered universal turn out 8). 
contingent upon a limited ecology t it 
Bergmann saw a difficulty in the fact tha a 
was a “design” that was juxtaposed o) 
“theory.” In my reply to this argument re- 
I pointed out that the methodology of are 
sentative design was inseparable from peen 
herent theory, and that this theory had ub- 
made sufficiently explicit in the original h of 
lication (7) under the more modest labe ar 
“generalization,” The same policy has in Pipe 
been followed in my main contribution to 
Present symposium (11). 


SSENT understand correctly, xe 
agrees with the general thesis that - 
nomothetic and the microscopic a 
proach go together, while Postman 40 
not. The latter correctly points o- 

mner as a Psychologist who is ee 
thetic yet Nonmediatidnal. But mC si- 
mediationism, reductionism, or pi e 
ologism are but a few of many poss is 
forms of being atomistic. Anothe 3 
the encapsulation within the boundal 
of the organism, of which skian is 
equally guilty with Hull, and whic 
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the pri : 
ee ne some success along 
s! Ta Must be held against Postman 
oF regis our aim is microexplanation 
in our ne Sis at large must we depart 
which we estigation from the conditions 
holds ah ee to explain. The same 
Pointed o Tespect to what Feigl has 
ing c ìn referring to Nagel’s tell- 
ol es, ‘on that explanations of tele- 
cal, Se in themselves be teleologi- 
is indeed te of functional psychology 
a ike that of applied psychol- 
Perhaps anin correctly imputes; or 
Dlieq ea even further than ap- 
‘Ystematic logy, which has employed 
ests, €sign against its own best 
` An 
argum g ad to Hilgard’s penetrating 
affect, aie n representative design as it 
taney (6 Sampling study of size con- 
name. IS suggestion of reading 
‘lea subject the objects to a blind- 
Size on an obtaining estimates 
the ugh, URA asis will be followed 
tion, o tcome, I venture a guess as to 
sti] | achievement o ecology the func- 
altho p Pomel will be 
aioi ugh appreciably lower 
ered iginal study with its un- 
nes) But ise of the common direct 
Se iti 
S not true that with the 


Stenn, Words 
in Ping the z are necessarily over- 


Seep Unc Oundaries of perception 

cents to ttollable way, as Hilgard 
Dtig ply. (0) 3 

Men n the contrary, per- 


u 
the Uy s seen as a cross-depart- 
Darg Uditor Y function, and words or 
fami of RA cues are as legitimate a 
in Be hieray Potential mediating cue 
act h cay as are the visual—and 
à Object tactile-hinesthetic—cues. 
Ubject Berube had to be used by 
Sure dication ws Original study in her 
© of „> With the recorder in the 
i Observations, Hilgard’s 
on i en falls more in the cate- 
Shift €rished rather than in 
Cue situations. Under 


Si 
the” 


es; 
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fully representative design, it would be 


a violation of basic policy not to in~ > 


clude name cues and the analysis of 
their effects, rather than the contrary 
as Hilgard seems to assume.* 

One must not forget that, ideally, rep- 
resentative design would require huge, 
concerted group projects, involving as 
it does a practically limitless number 
of variables, but that at the same time 
its rewards in after-the-fact evaluation 
could be equally widely ramified. In the 
pilot study under discussion (6) only a 
select few of these evaluation possibili- 
ties were exploited, and the entire prob- 
lem syndrome of cue participation was 
left in the dark save for the indirect 
ascertainment, via the sampling of the 
objects, of a reasonable degree of rep- 
resentativeness. Since, in principle, un- 
der representative design all variables 
are allowed to vary and none are held 
constant artificially, their role can be 
ascertained after the fact. For the same 
reason, there is a gain rather than a loss 
of information, contrary to what Post- 
man seems to fear. And we may add 
that partial correlation, on which Hil- 


1 As this goes to press I have before me an 
as yet unpublished, independently conceived 
study by R. C. Bolles and D. E. Bailey in 
which a representative sample of N= 54 fa- 
miliar objects was presented to n=5 adult 
ts first nonvisually by naming or brief 
verbal description, and then visually. r The au- 
thors have kindly given me permission to 
quote from their results. Nonvisual estimates 
were almost as accurate (r = .988) as visual 
estimates (r = 994), and in fact considerably 
more accurate than this writer would have 
guessed offhand. Yet the difference between 
the two achievements was found to be sta- 
tistically significant (using the ecological N 
of 54, as is called for under representative de- 
sign); in addition, the errors under the two 
conditions correlated to a relatively moderate 
extent only. The cue systems involved in the 
two performances thus seem to a consiczrable 
extent nonoverlapping, perhaps having less in 
common than I conjectured when I sug- 
gested above that the verbal situations were 
merely impoverishments of the full percep- 


tual situat*ons. = 


subject 
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gard has expressed reservations, is just 
one example out of many possible 
matixematical ways open to, or to be 
developed. by, the statistician for this 
after-the-fact analysis. 

Our earlier prediction of the outcome 
of Hilgard’s suggested naming experi- 
ment had to be specified to our ecology. 
Another ecology is conceivable in which 
the common objects sampled, such as 
books, windows, trees, hills, and so 
forth would be so univocally standard- 
ized that, given proper perceptual learn- 
ing, the name could be utilized as a 
foolproof cue to size. Hilgard’s variant 
of our design would in this case yield 
perfect correlation, while visual cues 
could merely upset this achievement, 
With such a change in ecology the trend 
of results would thus be reversed, much 
as in Hilgard’s example from Sears and 
Whiting there was a trend reversal 
which likewise could be subsumed un- 
der representative design. 


T should like to a 
this latter example sı 
primarily a responde: 
weaning age and it. 


dd parenthetically that 
eems to me to involve 
r-populational variable— 


5. A similar expansiveness applies to 
the case of Postman’s concern lest mo- 
tivational bias be excluded from repre- 
sentative design. Representative design 
merely complements and completes the 
existing ways in which the necessity of 
representative sampling has been recog- 
nized, so that in the end such sampling 
will extend over all psychologically rele- 
vant variables. 

This does not imply, however, that 
the concept of functional research 
should be equally broadly conceived. 
Postman is correct in assuming that the 
“veridicality” of perception is the ma- 
Jor issue in the study of its functional 
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validity, and that our brand of func- 
tionalism is not directly and not pri- 
marily concerned with need variables a 
the structure of the need system. Only 
insofar as needs or values help the cae 
of, or interfere with, veridicality—ané 
this may be the case either in pee 
tion” or in “judgment,” as ake 
correctly remarks—do they become Eh 
of the functionalist’s direct pre, : 
Even interference may be functional 
constructive, such as when needs ser 5 
as emphasizers of the size or of ae 
Other attribute of a life-relevant obi 
Furthermore, as we have said (ili 
values form part of the system of na! i 
ral-cultural “laws” and as such in ae 
selves become objectives of cool, bie 
cal attainment; it is primarily for a 
reason, and not because of their ds 
tanglement with the world of ee 
that we incorporated them in our ear 

perceptual constancy program (4). re 
we may add that all these variables 
as much a potential part of an isola 


een 5 s ‘or 
Statistical analysis as are Hilgard’s W 
cues, 


-nø into the 
It is only when it comes to delving int 
need structures themselves, their varia ij- 
and their etiology, as is the case, say, in Fact 
ner and Goodman’s comparison of the or Ï 
of values on rich ys, Poor subjects ko velop- 
Postman, Bruner, and McGinnies, ceptus 
ment of such dynamic aspects as “perc ying 
defense” (28), that the wisdom of aie 2 
Tighe] of functionalism may be doubler, 
This must be made explicit, especially AA to- 
of a somewhat unfortunate current tro func- 
ward an overexpansion of the concept © nd bY 
tionalism, by Osgood (23, pp. 294 f.) 4 cone 
others, according to which all such nee of 
siderations would be seen as an outgrow post- 
the functionalist tradition. Bruner and 


sod tO 
? Note by Leo Postman: As I have tre 
show elsewhere (26), the phenomena an be 
nally interpreted as perceptual defense C* (q) 
adequately accounted for in terms © b) 
principles of associative learning ane the 
variables governing Ss’ performance et i 
experimental situation, On these group nalist 
relevance of such phenomena to func?” py 
analysis in the narrower sense specife 
Brunswik may be defended. 
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ca themselves not be entirely absolved 
ther Pen ea to this trend (for fur- 
Dialysis needs a ). In genuinely functional 
ments, only noe as ore background ele- 
considerations th peeeeaty or all utilitarian 
Parameters ag te essentially as constant 
88 systems of int ii as actual variables or 
latter E ae pendent variables—the 
“petsonality-ce pli ied by Frenkel-Brunswik’s 
(17). ntered” approach to perception 
oe conclude with a consideration 
Sias a plea for the status quo. 
this rai een pointed out repeatedly in 
nition. oe much depends on defi- 
nized at erefore, if it is being recog- 
resultin et Saige design and the 
3 & functional theory are a going 

atic eos concern, while system- 
Proach te and the nomothetic ap- 
Teach he about to level off and to 
~if, in A eg of diminishing returns 
Conceived er words, the status quo is 
namic ihe, not in a static but in a dy- 
in favor Rows I too am heartily 
hear the this status quo. And when 
ave by acknowledgment, as I think 

€- Dresent ostman and by Hilgard in 
design is discourse, that systematic 
ener to a preliminary and an eye- 
“entative the attack on a larger, repre- 
this szg Scale, then I am confident that 
One, “S Quo will indeed be a dynamic 


The 
Post acei coexistence of which 
to by io may even be turned 
‘Stic appr odon in which the probabi- 
x Owes poch begins to repay the debt 
u iscy © the reductionist vanguard. 
"opresanta S Hilgard’s argument on 
Acros. ative design we have come 
ing, v Problem of perceptual learn- 
k aE ef such learning 
€ basis ro on the broadest pos- 
tt to an Reged is to be adjust- 
i that an cology. It is for this rea- 
naa ited Wine study of the 
sation ey lization of artificial illumi- 
aney = ìn perceptual color con- 

S made part of our Vienna 
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program; the finding was that such 
acquisition is possible to a certain 
extent but that perceptual learning re- 
quires slow “stamping in” and is sur- 
prisingly autonomous of explicit intel- 
lectual awareness (Fieandt, 16). 

Even purely ecological surveys may 
become fruitful for the theory of per- 
ception and learning. This writer and 
Kamiya (12) have demonstrated (with 
the use of N = $92 separations between 
adjacent parallel lines in a roughly 
“proportionate” sample of shots from a 
current motion picture) that the long- 
recognized gestalt factor of “proximity” 
possesses a certain modest (r = .12) 
but statistically significant ecological 
validity as an indicator of mechanical 
object unity. Its utilization as an or- 
ganizing principle for perceptual “‘fig- 
ures” is thus a probabilistically adjus- 
tive mechanism. The realization of 
this fact may help to open the door for 
a possible “reduction” of the hitherto 
unabsorbed gestalt dynamics into learn- 
ing theory. The latter may thus even- 
tually become universalized under the 
associationist-functionalist aspect, much 
as Newton’s theory has incorporated 
both terrestrial gravitation laws and 
Kepler’s laws of planetary motion with- 
in a common higher-order theory. 
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Skinner EN nervous system,” which 
tence pe rowed and from whose in- 
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e E conceptual nervous sys- 
5 Erei like the gin 
goa,’ it was 3 runk about the same 
sas Beiter enade and none too 
abi Sori pointed out, but it was 
as PA and the effort to 
is’ really been successful. 
Ong past. If we must 


Ur let us use 
to Bough Y Wwe can find. Ee see 
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ne clogizing, in moderation, 
tha is a hd sans not assume that 
With Psychos. thing. The point is 
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adhering to certain classical frameworks 
shows the limiting effect of earlier neu- 
rologizing. Bergmann (2) has recently 
said again that it is logically possible to 
escape the influence. This does not 
change the fact that, in practice, it has 
not been done. 

Further, as I read Bergmann, I am 
not sure that he really thinks, deep 
down, that we should swear off neu- 
rologizing entirely, or at least that we 
should all do so. He has made a strong 
case for the functional similarity of in- 
tervening variable and hypothetical con- 
struct, implying that we are dealing 
more with differences of degree than of 
kind. The conclusion J draw is that 
both can properly appear in the same 
theory, using intervening variables to 
whatever extent is most profitable (as 
physics for example does), and con- 
versely not being afraid to use some 
theoretical conception merely because it 
might become anatomically identifiable. 

For many conceptions, at least, Mac- 
Corquodale and Meehl’s (26) distinc- 
tion is relative, not absolute; and it 


an Worse u i 
term? Psycho md than it need use. must also be observed that physiologi- 
yeas eun ogists do not think in cal psychology makes free use of “dis- 
tan tesident al anatoiny; but merely positional concepts” as well as “exist- 
Sep, Povey tl address, Divisi tial” ones. Logically, this leaves 

iqhtemy Chologic, tess, Division 3, at Ameri- entia a 
aye tnt ae Association, New York, 100™ for some of us to make more 
anglents = oi „The paper incorporates. USON explicitly physiological constructs 
tan Peter 4 N G discussion with fellow than others, and still lets us stay in 
Corg ĉt Caig IEn, a especially Dalbir Bindra communication with one another. It 

my aliforni > as well as with Leo Post- 3 2 : 
Brea w and it is a pleasure to Te- also shows how one’s views concerning 
Mdebtedness to them. motivation, for example, might be more 
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influenced than one thinks by earlier 


„physiological notions, since it means 


that an explicitly physiological concep- 
tion might be restated in words that 
have—apparently—no physiological ref- 
erence. 

What I propose, therefore, is to look 
at motivation as it relates to the c.n.s.— 
or conceptual nervous system—of three 
different periods: as it was before 1930, 
as it was say 10 years ago, and as it is 
today. I hope to persuade you that 
some of our current troubles with moti- 
vation are due to the c.n.s. of an earlier 
day, and ask that you look with an 
Open mind at the i 
current one, 


» DO matter 
might even 
not neces- 


Before going on it is just as well to 
be explicit about the use of the terms 
motivation and drive, “Motivation” 
refers here in a rather general sense to 
the energizing of behavior, and espe- 
cially to the sotirces of energy in a par- 
ticular set of Tesponses that keep them 
temporarily dominant over others and 
account for continuity and direction in 
behavior. “Drive” is regarded as a 
More specific conception about the way 
in which this occurs: a hypothesis of 
Motivation, which makes the energy a 
function of a special process distinct 
from those S-R or Cognitive functions 
that are energized. In some contexts, 
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therefore, “motivation” and “drive” at 
interchangeable. 


MOTIVATION IN THE CLASSICAL 
(PrE-1930) C.N.S. 


The main line of descent of psycho- 
logical theory, as I have recently va 
to show (20), is through assočia taai 
ism and the stimulus-response ee 
lations. Characteristically, sin 
Sponse theory has treated the anima i 
more or less inactive unless subjec se 
to special conditions of arousal. oe 
conditions are first, hunger, pain, Sa 
sexual excitement; and secondly, stim 
lation that has become associated Miri 
one of these more primitive motive a 

Such views did not originate eae 
in the early ideas of nervous fona 
but certainly were strengthene 
them. Early studies of the POrE je 
seemed to show that the cell is ‘oe 
until something happens to it from true 
side; therefore, the same would be t 
of the collection of cells making uP the 
nervous system, From this came js 
explicit theory of drives. The organ as 
is thought of as like a machine, suea 
the automobile, in which the sae 
mechanism—that is, stimulus Tes? er 
connections—is separate from the Pee 
Source, or drive. There is, how 
this difference: the organism piel 
endowed with three or more bart 
Power plants. Once you start a : 
Separate ones, it is hard to avoid sex 
hunger, thirst, pain, maternal, an y 
drives. By some theorists, these func- 
each be given a low-level steering ring 
tion also, and indirectly the ste® by 
function of drives is much increase Jaw; 
the law of effect, According to tired 
habits—steering functions—are acd” oy 
only in conjunction with the ope"? 
of drives, + nal 
Now it is evident that an anim ere 
ten active and often learns whe? jnd$ 
is little or no drive activity of the jth 
listed. This fact has been dealt wi 
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Faves. One is to postulate addi- 
ee Tives—activity, exploratory, ma- 
i E, and so forth. The other is 
which TEBE acquired or learned drives, 
A tain their energy, so to speak, 
Tt association with primary drives. 
to DI important to see the difficulties 
iri FAA by this kind of formulation, 
hy 2 3 5 should be said at once that I 
it, and he any decisive refutation of 
culties ‘3 er approaches have their diffi- 
Fiat too. 
oe we may overlook the rather 
which mber of forms of behavior in 
bian eas cannot be reduced to 
Avior is rive plus learning. Such be- 
and ma most evident in higher species, 
Work ied be forgotten by those who 
Segment, Y with the rat or with restricted 
(Tdo 5 of the behavior of dog or cat. 
motivatie. suggest that we put human 
that of a on a different plane from 
is that hia [7]; what I am saying 
tion be ertain peculiarities of motiva- 
though Tease with phylogenesis, and 
clearly ied evident in man can be 
What z Fa with other higher animals.) 
n the 3 he drive that produces panic 
Model 4 Impanzee at the sight of a 
Some ani a human head; or fear in 
Others als and vicious aggression in 
body R the sight of the anesthetized 
about fe fellow chimpanzee? What 
Panzee’s y of snakes, or the young chim- 
Q ca error at the sight of strangers? 
piety rence the idea that this is 
Bead on ut the anxiety, if so, is not 
à ob Prior association of the 
~ Ject with pain. With the 
; ™panzee reared in the nurs- 
“Para = Yerkes Laboratories, after 
fan h rom the mother at birth, one 


cen ag that the infant has never 
ae ahs before, and certainly no 
a alee him about snakes; and one 
wer that a particular infant has 
Rs oe z e Opportunity to associate 

Cralinny: Ce with pain. Stimulus 


‘on does not explain fear of 
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strangers, for other stimuli in the same 
class, namely, the regular attendants, 
are eagerly welcomed by the infant. 

Again, what drive shall we postulate 
to account for the manifold? forms of 
anger in the chimpanzee that do not 
derive from frustration objectively de- 
fined (22)? How account for the pet- 
ting behavior of young adolescent chim- 
panzees, which Nissen (36) has shown 
is independent of primary sex activity? 
How deal with the behavior of the fe- 
male who, bearing her first infant, is 
terrified at the sight of the baby as it 
drops from the birth canal, runs away, 
never sees it again after it has been 
taken to the nursery for rearing; and 
who yet, on the birth of a second in- 
fant, promptly picks it up and violently 
resists any effort to take it from her? 

There is a great deal of behavior, in 
the higher animal especially, that is at 
the very best difficult to reduce to hun- 
ger, pain, sex, and maternal drives, plus 
learning. Even for the lower animal it 
has been clear for some time that we 
must add an exploratory drive (if we 
are to think in these terms at all), and 
presumably the motivational phenomena 
recently studied by Harlow and his col- 
leagues (16, 17, 10) could also be com- 
prised under such a drive by giving it 
a little broader specification. The curi- 
osity drive of Berlyne (4) and Thomp- 
son and Solomon (46), for example, 
might be considered to cover both in- 
vestigatory and manipulatory activities 
on the one hand, and exploratory, on 
the other. It would also comprehend 
the “problem-seeking” behavior recently 
studied by Mahut and Havelka at Mc- 
Gill (unpublished studies). They have 
shown that the rat which is offered a 
short, direct path to food, and a longer, 
variable and indirect pathway involy- 
ing a search for food, will very? fre- 
quently prefer the more difficult, but 
more “interesting” route. 

But even with the addition of a curi- 
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ity-investigatory-manipulatory drive, 
eea FRG from the primates, there 
is still behavior that presents difficul- 
ties. There are the reinforcing effects 
of incomplete copulation (43) and of 
saccharin intake (42, 11), which do not 
reduce to secondary reward. We must 
not multiply drives beyond reason, and 
at this point one asks whether there is 
no alternative to the theory in this 
form. We come, then, to the conceptual 
nervous system of 1930 to 1950. 


MOTIVATION IN tHe CNS. 
oF 1930-1950 


About 1930 it began to be evident 
that the nerve cell is not physiologically 
inert, does not have to be excited from 
outside in order to discharge (19, p. 8). 
The nervous system is alive, and living 
things by their nature are active. With 
the demonstration of spontaneous ac- 
tivity in cms. it seemed to me that the 
conception of a drive system or sys- 

tems was supererogation, 

For reasons I shall come 
now appears to me to have been an 
oversimplification; but in 1945 the only 
problem of motivation, I thought, was 
to account for the direction taken by 
behavior. From this point of view, 
hunger or pain might be peculiarly ef- 
fective in guiding or channeling activity 
but not needed for its arousal. It was 
not surprising, from this Point of view, 
to see human beings liking intellectual 
work, nor to find evidence that an ani- 
mal might learn something without pres- 
Sure of pain or hunger. 

The energy of response is not in the 
stimulus. It comes from the food, wa- 
ter, and oxygen ingested by the animal; 
and the violence of an epileptic convul- 
sion, when brain cells for whatever rea- 
Son decide to fire in synchrony, bears 
witness to what the nervous system can 
do when it likes. This is like a whole 
Powder magazine exploding at once. 
Ordinary behavior can be thought of 


to later, this 
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as produced by an organized ee z 
much smaller explosions, and so a “se 
motivating” c.n.s. might still be a nel 
powerfully motivated one. To me, t ts 
it was astonishing that a critic could s 
fer to mine as a “motivationless payi 
chology. What I had said in shor t E 
that any organized process in thë be 
is a motivated process, inevitably, F 
escapably; that the human brain a 
built to be active, and that as lon 
it is supplied with adequate nutri aa 
will continue to be active. Brain f 
tivity is what determines behavior, a T 
so the only behavioral problem beco 
that of accounting for inactivity- that 
It was in this conceptual frame ate 
the behavioral picture seemed to eee 
the notion of drive, as a separate i ex- 
gizer of behavior. A pedagog cat 
periment reported earlier (18) had t the 
very impressive in its indication tha rare 
human liking for work is not y the 
phenomenon, but general. All o ing 
600-odd pupils in a city school, rania y 
from 6 to 15 years of age, were sud work 
informed that they need do no that 
whatever unless they wanted to, d in- 
the punishment for being noisy a to 
terrupting others’ work was to be te re- 
the playground to play, and that M 
ward for being good was to be a cum- 
to do more work. In these cit ere 
Stances, all of the pupils cea 5, 
within a day or two that, within li d 
they preferred work to no works an 
incidentally learned more arithmeti 
so forth than in previous years). ow? 
The phenomenon of work for its 
sake is familiar enough to all 0. he 
when the timing is controlled py de- 
worker himself, when “work” is PO i- 
ned as referring alone to activity ork 
posed from without. Intellectu ndet 
may take the form of trying to " try” 
stand what Robert Browning GRP 
ing to say (if anything), to a cat 
what it is in Dali’s paintings ur ut 
interest others, or to predict t 
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“aa of a paperback mystery. We sys- 
a aly underestimate the human 
Ex a ase U etna activity, in one form 
AAN er, when we overlook the intel- 
RA hear in art and in games. 
Darii with riddles, puzzles, and the 
brid aa e games of strategy such as 
Mih opas and go; the. frequency 
Tes mn man has devised such prob- 
Mani t 1s own solution is a most sig- 
tion. act concerning human motiva- 


ma E however, not necessarily a fact 
above poo my earlier view, outlined 
aspects = is hard to get these broader 
Bost i ape behavior under labo- 
as se y, and when we do we may 
signifan e our ideas about them 
he Y modified. For my views 
Peneq eeniem, this is what has hap- 
eron, and the experiment of Bexton, 
Bone ster Scott (5). Their work is 
ales SEP toward dealing with the re- 
Physical Motivation in the well-fed, 
i Y Comfortable, adult human be- 
culty Sai results raise a serious diffi- 
jects ORRA own theory. Their sub- 
Ng, See paid handsomely to do noth- 
little, fo Nothing, hear or touch very 
Nee, oe 24 hours a day. Primary 
The su ‘re met, on the whole, very well. 
feq o cts suffered no pain, and were 
aoe ea It is true that they 
Pugin puts, but at the risk of 
z student e virility of Canadian col- 
hem would I point out that most of 
le *2y and not have been copulating 
ng Stret were quite used to such 
mitho ches of three or four days 
nee conan sexual satisfaction. 
ee Navas nae teward, on the other 
a boar oes $20 ą day plus room 
oth, Ore the More than $7000 a year, 
he er means na student could earn by 
be highly eed subjects then should 
i nen ch Ivated to continue the ex- 
eq eq eh and happy to be al- 
RE so pain] tibute to scientific knowl- 
messly and profitably. 
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In fact, the subject was well moti- 
vated for perhaps four to eight hours- 
and then became increasingly unhappy. 
He developed a need for stimulation of 
almost any kind. In the first prelimi- 
nary exploration, for example, he was 
allowed to listen to recorded material 
on request. Some subjects were given 
a talk for 6-year-old children on the 
dangers of alcohol. This might be re- 
quested, by a grown-up male college 
student, 15 to 20 times in a 30-hour pe- 
riod. Others were offered, and asked for 
repeatedly, a recording of an old stock- 
market report. The subjects looked for- 
ward to being tested, but paradoxically 
tended to find the tests fatiguing when 
they did arrive. It is hardly necessary 
to say that the whole situation was 
rather hard to take, and one subject, in 
spite of not being in a special state of 
primary drive arousal in the experi- 
ment but in real need of money outside 
it, gave up the secondary reward of $20 
a day to take up a job at hard labor 
paying $7 or $8 a day. 

This experiment is not cited primarily 
as a difficulty for drive theory, although 
three months ago that is how I saw it. 
It will make difficulty for such theory 
if exploratory drive is not recognized; 
but we have already seen the neces- 
sity, on other grounds, of including a 
sort of exploratory-curiosity-manipula- 
tory drive, which essentially comes down 
to a tendency to seek varied stimula- 
tion. This would on the whole handle 
very well the motivational phenomena 
observed by Heron’s group. 

Instead, I cite their experiment as 
making essential trouble for my own 
treatment of motivation (19) as based 
on the conceptual nervous system of 
1930 to 1945. If the thought process 
is internally organized and motivated, 
why should it break down in conditions 
of perceptual isolation, unless emotional 
disturbance intervenes? But it did 
break down when no serious emotional 
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was observed, with problem- 

ae and intelligence-test peran 
ancèsignificantly impaired. Why shou 
the subjects themselves report (a) after 
four or five hours in isolation that they 
could not follow a connected train of 
thought, and (b) that their motivation 
for study or the like was seriously dis- 
turbed for 24 hours or more after com- 
ing out of isolation? The subjects were 
reasonably well adjusted, happy, and 
able to think coherently for the first four 
or five hours of the experiment; why, 
according to my theory, should this not 
continue, and why should the organiza- 
tion of behavior not be promptly re- 
stored with restoration of a normal en- 
vironment? 

You will forgive me perhaps if I do 
not dilate further on my own theoretical 
difficulties, paralleling those of others, 
but turn now to the conceptual nervous 
system of 1954 to ask what psychologi- 
cal values we may extract from it for 
the theory of motivation. I shall not 
attempt any clear answer for the diffi- 
culties we have considered—the data 
do not seem yet to justify clear an- 
swers—but certain conceptions can be 
formulated ‘in sufficiently definite form 
to be a background for new research, 
and the physiological data contain sug- 
gestions that may allow me to retain 
what was of value in my earlier pro- 
posals while bringing them closer to 
ideas such as Harlow’s (16) on one 


hand and to reinforcement theory on 
the other. 


Morrvation ann C.N.S. 1N 1954 


For psychological purposes there are 
two major changes in recent ideas of 
nervous function. One concerns the 
single cell, the other an “arousal” sys- 
tem in the brain stem. The first I shall 
Pass over briefly; it is very significant, 
but does not bear quite as directly upon 
our present problem, Its essence is that 
there are two kinds of activity in the 
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nerve cell: the spike potential, or acua 
firing, and the dendritic potential, Mi 
has very different properties. There = 
now clear evidence (12) that the de 

drite has a “slow-burning” acti 
which is not all-or-none, tends ei. 
be transmitted, and lasts 15 to 30 Oa 
seconds instead of the spike’s onë Er 
second. It facilitates spike acti ; 
(23), but often occurs Lae of 
and may make up the greater pat an 
the EEG record. It is still true a 
the brain is always active, but pare 
tivity is not always the transmi 7 
kind that conduces to behavior. a 
nally, there is decisive evidence oF 
mary inhibition in nerve function Jast 
14) and of a true fatigue that may 


3 illi-, 
for a matter of minutes instead of mi 


e 
seconds (6, 9). These facts will hag 
a great effect on the hypotheses or 
Physiological psychology, and soone’ 
later on Psychology in general. > de- 
Our more direct concern is with & al- 
velopment to which attention b 
ready been drawn by Lindsley A 
the nonspecific or diffuse projection 
tem of the brain stem, which was n A 
by Moruzzi and Magoun (34) to effect 
arousal system whose activity 1m pos- 
makes organized cortical activity ce t0 
sible. Lindsley showed the releva 
the problem of emotion and moria i 
what I shall attempt is to bei 
treatment, giving more weight to oint 
cal components in arousal. The P bP 
of view has also an evident relatio 
to Duffy’s (13), to 
The arousal system can be thous! 
as representing a second major pa re 
by which all sensory excitations | ast 
the cortex, as shown in the uppe aback 
of Fig. 1; but thero is also fee that 
from the cortex and I shall mea ut 
the psychological evidence further ow 
Phasizes the importance of this 
stream” effect, enso! 
In the classical conception of S°°° jig 
function, input to the cortex W 
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t 
sense projection systems only: from 
to the ti to sensory tract, thence 
the t ane sponding sensory nucleus of 
ks us, and thence directly to one 
Cortex aed projection areas of the 
Sory ae ese are still the direct sen- 
Nitters a s quick efficient trans- 
Pathway į information. The second 
Citation A slow and inefficient; the ex- 
tangled’ the it were, trickles through a 
there ¡~ Uucket of fibers and synapses, 
the scraping up of messages, and 
in die Messages are delivered 
Ih s ort, nately to wide cortical areas. 
They eae they are messages no longer. 
tex, a. Ve, instead, to tone up the cor- 
aie background supporting ac- 
Messages 1S completely necessary if the 
abel are to have their effect. 
ul, arousal system, the sensory 
Senso; Ses by the direct route reach the 
rest of gter, but go no farther; the 


ieee Soe is unaffected, and thus 
es A Mulus-response relations are 
sen ee center, which has long 
est fea Is one part of this larger 
faves’, “MY extensive damage to it 


Sa 
‘Nima, Permanently «inert, comatose 


» Reme 
a8 concen that in all this I am talk- 
in Otking ual nervous system: making 
t for Psychublification, and abstract- 
wee s ats ological purposes; and all 

D “cially nents may need qualification, 
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Mce research in this area is 
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moving rapidly. There is reason to 
think, for example, that the arousal sxs- 
tem may. not be homogeneous, but may 
consist of a number of subsystems with 
distinctive functions (38). Olds and 
Milner’s (37) study, reporting “re- 
ward” by direct intracranial stimula- 
tion, is not easy to fit into the notion of 
a single, homogeneous system. Sharp- 
less’ (40) results also raise doubt on 
this point, and it may reasonably be 
anticipated that arousal will eventually 
be found to vary qualitatively as well 
as quantitatively. But in general terms, 
psychologically, we can now distinguish 
two quite different effects of a sensory 
event. One is the cue function, guiding 
behavior; the other, less obvious but no 
less important, is the arousal or vigi- 
lance function. Without a foundation 
of arousal, the cue function cannot exist. 

And now I propose to you that, what- 
ever you wish to call it, arousal in 
this sense is synonymous with a gen- 
eral drive state, and the conception of 
drive therefore assumes anatomical and 
physiological identity. Let me remind 
you of what we discussed earlier: the 
drive is an energizer, but not a guide; 
an engine but not a steering gear. 
These are precisely the specifications of 
activity in the arousal system. Also, 
learning is dependent on drive, accord- 
ing to drive theory, and this too is ap- 
plicable in general terms—no arousal, 
no learning; and efficient learning is 
possible only in the waking, alert, re- 
sponsive animal, in which the level of 
arousal is high. 

Thus I find myself obliged to reverse 
my earlier views and accept the drive 
conception, not merely on physiological 
grounds but also on the grounds of some 
of our current psychological studies. 
The conception is somewhat modified, 
but the modifications may not be en- 
tirely unacceptable to others, 

Consider the relation of the effective- 
ness of cue function, actual or poten- 
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response ond learning 


Level of" erousal function" (nonspecitic cortical tonterément) 
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tial, to the level of arousal (Fig. 2). 
Physiologically, we may assume that 
cortical synaptic function is facilitated 
by the diffuse bombardment of the 
arousal system. When this bombard- 
ment is at a low level an increase will 
tend to strengthen or maintain the con- 
current cortical activity; when arousal 
or drive is at a low level, that is, a re- 
sponse that produces increased stimula- 
tion and greater arousal will tend to be 
repeated. This is Tepresented by the 
rising curve at the left. But when 
arousal is at a high level, as at the 
right, the greater bombardment May in- 
terfere with the delicate adjustments in- 
volved in cue function, perhaps by fa- 
cilitating irrelevant responses (a high D 
arouses conflicting H R's?). Thus there 
will be an optimal level of arousal for 
effective behavior, as Schlosberg (39) 
has suggested. Set aside such physi- 
ologizing completely, and we have a 
significant behavioral conception left, 
namely, that the same stimulation in 
mild degree may attract (by prolonging 
the pattern of response that leads to 
this stimulation) and in strong degree 
repel (by disrupting the pattern and 
facilitating conflicting or alternative re- 
sponses). 

The significance of this relation is in 
a phenomenon of the greatest impor- 
tance for understanding motivation in 
higher animals, This is the positive at- 
traction of rish taking, or mild fear, and 
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of problem solving, or mild frustration, 
which was referred to earlier. bbe 
and Mowrer (49) and Berlyne ( d 
have noted a relation between fear ae 
curiosity—that is, a tendency to A 
stimulation from fear-provoking pie 
though at a safe distance. Woodware 
(50) and Valentine (48) reported 
in children, and Woodworth and EA 
quis (51) have recently ephe 
again its importance in adults. ae, 
is no doubt that it exists. There ge 
doubt, either, that problem-solving “a 
ations have some attraction for the oH 
more for Harlow’s (16) monkeys, # 0 
far more for man. When ‘you eee 
think of it, it is nothing short of extra 
ordinary what trouble people will P the 
in order to get into more trouble 2 n 
bridge table, or on the golf course; o 
the fascination of the murder Po o 
thriller, and the newspaper accor Jess 
real-life adventure or tragedy, is me cite 
extraordinary. This taste for & we 
ment must not be forgotten when It 
are dealing with human motivation’ j 
appears that, up to a certain Pot 
threat and puzzle have positive ne 
vating value, beyond that point 
tive value. it i 
I know this leaves problems a ob- 
not any mild threat, any form 0 Po 
lem, that is rewarding; we still Hain 
work out the rules for this formu e not 
Also, I do not mean that there E 
secondary rewards of social presia r 
risk taking and problem sove 
even primary reward when such pe an 
jor is part of lovemaking. But t ays ® 
mal data show that it is not an d 
matter of extrinsic reward; 15 elves 
Puzzle can be attractive in thena 
especially for higher animals s n 
man. If we can accept this, it tor 
longer be necessary to work epi 
tuous and improbable ways to ney? 
why human beings work for n k 
why school children should lear 
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out pain, why a human being in isola- 
tion should dislike doing nothing. 

One other point before leaving Fig. 2: 
the low level of the curve to the right. 
aa may be skeptical about such an ex- 
a me loss of adaptation, or disturbance 

t Cue function and S-R relations, with 
ae levels of arousal. Emotion is per- 
= y regarded as energizing and or- 
‘ened (which it certainly is at the 
feet) end of the scale, up to the optimal 
ae le But the “paralysis of terror” 
a a ated states do occur. As Brown 
a acobs (8, p. 753) have noted, “the 

ence of fear may act as an energizer 
to ae yet lead in certain instances 
in the increase in immobility.” Twice 
tae ot eight months, while this ad- 
newspans being prepared, the Montreal 

than a reported the behavior of a 
self in eing who, suddenly finding him- 
È extreme danger but with time to 
One of aged made no move whatever. 
Was not ne two was killed; the other 

4 ie ut only because a truck driver 
O wreck his truck and another 


Car i 

Marsha Again, it is reported by 
stu ha (27), in a book that every 
Teaq ,,.cf human motivation should 


Pressure ly, that in the emotional 
25 ae of battle no more than 15 to 
fire 4, Ent of men under attack even 


ciently. rifles, let alone use them effi- 


As 
of vhurst’s (47) very significant study 


situa aaor in emergency and disaster 
The eee further documents the point. 
Tent ult Who is told that his apart- 
Eneq pense 1s on fire, or who is threat- 
ra flash flood, may or may not 
i intelligently, In various situa- 
Equal P to 25 per ‘tent did so; an 
Paral ding per show “states of confusion, 
Sut of bal Anxiety, inability to move 
in , and eo’ hysterical’ crying or scream- 
Row a 4 On.” 'Three-quarters or more 
eh a far impairment of intelligent 
Vant 2 Often with aimless and irrele- 

Vements, rather than (as one 


might expect) panic reactions. There 
seems no doubt: the curve at the ~ignt 
must come down to a low level. 

Now back to our main problem: If 
we tentatively identify a general state 
of drive with degree of arousal, where 
does this leave hunger, pain, and sex 
drives? These may still be anatomi- 
cally separable, as Stellar (45) has 
argued, but we might consider instead 
the possibility that there is just one gen- 
eral drive state that can be aroused in 
different ways. Stellar’s argument does 
not seem fully convincing. There are 
certainly regions in the hypothalamus 
that control eating, for example; but is 
this a motivating mechanism? The very 
essence of such a conception is that the 
mechanism in question should energize 
other mechanisms, and Miller, Bailey, 
and Stevenson (31) have shown that 
the opposite is true. 

But this issue should not be pressed 
too far, with our present knowledge. I 
have tried to avoid dogmatism in this 
presentation in the hope that we might 
try, for once, to see what we have in 
common in our views on motivation. 
One virtue of identifying arousal with 
drive is that it relates differing views 
(as well as bringing into the focus of 
attention data that may otherwise be 
neglected). The important thing is a 
clear distinction between cue function 
and arousal function, and the fact that 
at low levels an increase of drive in- 
tensity may be rewarding, whereas at 
high levels it is a decrease that rewards, 
Given this point of view and our as- 
sumptions about arousal mechanisms, 
we see that what Harlow has empha- 
sized is the exteroceptively aroused, but 
still low-level, drive, with cue function 
of course directly provided for. In the 
concept of anxiety, Spence and Brown 
emphasize the higher-level drive state, 
especially where there is no guiding cue 
function that would enable the animal 
to escap? threat. The “eedback from 
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cortical functioning makes intelligible 
Muarer’s (35) equating anxiety aroused 
by threat of pain, and anxiety aroused 
in some way by cognitive processes re- 
lated to ideas of the self. Solomon and 
Wynne’s (44) results with sympathec- 
tomy are also relevant, since we must 
not neglect the arousal effects of intero- 
ceptor activity; and so is clinical anx- 
iety due to metabolic and nutritional 
disorders, as well as that due to some 
conflict of cognitive processes. 
Obviously these are not explanations 
that are being discussed, but possible 
lines of future research; and there is one 
problem in particular that I would urge 
should not be forgotten. This is the 
cortical feedback to the arousal system, 
in physiological terms: or in psycho- 
logical terms, the immediate drive value 
of cognitive processes, without inter- 
mediary. This is psychologically dem- 
onstrable, and has been demonstrated 
repeatedly, 
Anyone who is going to talk about 
acquired drives, or secondary motiva- 
tion, should first read an old paper by 
Valentine (48). He showed that with a 
young child you can easily condition 
fear of a caterpillar or a furry animal, 
but cannot condition fear of opera 


glasses, or a bottle; in other words, the 
fear of some objec 


ts, that seems to be 
learned, was there, latent, all the time. 
Miller (29) has noted this possibility 
but he does not seem to have regarded 
it very seriously, though he cited a con- 
firmatory experiment by Bregman; for 
in the same passage he suggests that my 
own results with chimpanzee fears of 
certain objects, including strange peo- 
ple, may be dealt with by generaliza- 
tion. But this simply will not do, as 
Riesen and I noted (21). If you try 
to work this out, for the infant who is 
terrified on first contact with a stranger, 
an infant who has never shown such 
terror before, and who has always re- 
sponded With*eager affection to the only 
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human beings he has made contact ia 
up to this moment, you will find tha 
this is a purely verbal solution. d 
Furthermore, as Valentine observe 
you cannot postulate that the cause i 
such fear is simply the strange eel 
the thing that has never occurred in 
fore. For the chimpanzee reared be- 
darkness, the first sight of a ey alte 
ing is of course a strange event, by de dt 
nition; but fear of strangers does oe 
occur until later, until the chine 
has had an opportunity to learn to E 
ognize a few persons. The fear pi > 
“innate” but depends on some sor Z 
cognitive or cortical conflict of leana 
responses. This is clearest when a 
baby chimpanzee, who knows and pe is 
comes attendant A and attendant B, 1g 
terrified when he sees A wearing ap- 
coat. The role of learning is inest: 
able in such a case. t 
The cognitive and learning ele 
may be forgotten in other motives 
too. Even in the food drive, sae 
of learning is fundamentally imnoa 
Ghent (15) has shown this, She ent, 
and Campbell (41) seem in agreemê pig 
and so does the work of Miller an r re- 
associates (3, 32, 30) on the greni , 
inforcement value of food by i: 
compared to food by stomach j-and- 
Beach (1) has shown the corticat a 
learning element in sex behavior- ently 
zack (28) has demonstrated re earn 
that even pain responses involve purser 
ing. In Harlow’s (16) results, of nitive 
and Montgomery’s (33), the cog 
element is obvious, 7 omp” 
These cortical or cognitive © whet 
nents in motivation are clearest r and 
we compare the behavior of high? it? 
lower species, Application of a n the 
comparative method is essential, intel- 
field of motivation as well as r agre” 
lectual functions (22). Most Sa 50” 
ments between us have related i tbe 
called “higher” motivations. peed 
evidence I have discussed today 
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not be handled in such a way as to 
maintain the illusion of a complete 
Separation between our various ap- 
Proaches to the problem. It is an illu- 
Ston, I am convinced; we still have 
aa points of disagreement as to rela- 
emphasis, and as to which of sev- 
alternative lines to explore first, 

te i does not imply fundamental 
mee mal opposition. As theorists, we 
H eei steadily coming together in 
a of ideational (or representative, 
mediating, or cognitive) processes; 
elieve that the same thing can hap- 


pen, and iy h; : i 
motivation appening, in the field of 
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cae Probably true that most non- 
ie believe (with considerable jus- 
a ey that the clinical method does 
iie eet the criteria of science. This 
ae 1s ordinarily founded on the fol- 
2 ema The process by which 
ROA clan arrives at a decision is 
able. Pee rational, and nonrepeat- 
report agian the clinician cannot 
arrives s confidence exactly how he 
at the q a decision. He cannot point 
data ee or the configuration of 
x aS led to his decision. And, if 
More the’ he would be doing nothing 
SPective Providing us with an intro- 
ate etal When two clinicians 
ostan ae one introspection is left 
Cliniciang against another. In brief, 
TOCess th Judgments are a function of a 
Put our e €y cannot trace. It is as if we 
machine meea data into a computing 
Ot un as processes of which we did 
Produceq tstand and which frequently 
Which m different results depending on 
Used ig, achine we used and when we 


the ae Criticisms are difficult to meet; 
aroung 3 to remove them has centered 
The ai e development of clinical tests. 
traceab] of the test is to produce a re- 
Ment ° Process. However, this move- 

t ile vigorous in a numerical 
Quite «TE are lots of tests—cannot 

t 


i 
That ore the skeleton in the closet. 


i the last analysis, in the clini- 


Cal ae 
U; 
a ation the value of a test depends 
t is 
at robani Was part of the Symposium on 
Seige? Berkel, Approach in Psychology held 
There® UR „Conference for the Unity of 
to @Uthor See, of California, July, 1953. 
hig, T0fessop ishes to express his appreciation 
ticipati gon Brunswik for suggesting 
on in the symposium. 


upon its agreement with some clinician’s 
judgment. The objectivity of the test is 
no defense against the clinician’s deci- 
sion. All the test can do is to become 
a reasonable facsimile of the clinician. 
And since the clinician stands alone as 
the ultimate criterion, tests stand or fall 
through their agreement with a reduc- 
tion process which remains a mystery. 

Since the clinical decision is the ul- 
timate criterion, the final measuring de- 
vice against which other techniques 
are evaluated, and since this decision 
process is a private one, it is hardly 
surprising that there is some question 
as to whether knowledge is increasing 
in clinical psychology and psychiatry. 
Therefore, this paper proposes a change 
in point of departure. 

The plan of the paper is this: First, 
two methodological issues are discussed 
—the partition between the observer 
and the object, and a distinction be- 
tween two types of reduction bases. 
Second, these methodological issues are 
interpreted to fit with behavioral fact in 
general and the clinical situation in par- 
ticular. Third, a method of research 
congruent with these behavioral facts is 
discussed. Finally, an example of the 
utility of this analysis is presented. 


PARTITION BETWEEN SUBJECT 
AND OBJECT 


Concerning the first of the methodo- 
logical points, some remarks by Lenzen 
(6) in connection with physics are quite 
relevant. Although these remarks may 
or may not carry significance for psy- 
chologists above the level of analogy, 
they are presënted here because they 
clarify a'problem comma¢ii to psychology 
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and physics; e interaction between 
r and object. 
a ceana te Enzen, the partition ? 
between the object and observer shifts 
according to the intent of the observer. 
For example, “If a physicist is looking 
at a pointer on a scale, its status de- 
pends on the purpose of the observation. 
If he is using the instrument to measure 
an electric current, the pointer is an ex- 
tension of the observer; the object is 
the electric current. If the physicist is 
calibrating his instrument, the pointer 
is part of the object of observation; the 
light by which the pointer is seen is 
then an instrument which belongs to 
the observer” (6, p. 29). Thus, the 
partition shifts according to the purpose 
of the investigation, 

Now the same holds true for the clini- 
cal method. If the Patient is being 
studied under usual circumstances, the 
partition stands between the subject 
being studied and the observer. Clearly 
the clinician is the observer, the subject 
Or patient is the object being observed, 
Tf the clinician is studying a patient by 
means of a test, the test is an extension 
of the clinician just as a Meter, say, is 
an extension of the physicist. If the 
clinician is studying a test, the scoring 
categories are the object of observation 
just as a pointer would be the object 


2 Lenzen explicates the meaning of the term 
“partition” as follows (6, p. 28): “Tactual 
perception is an interaction between a body 
and end organs such as those in the tip of a 
finger. If one touches a desk with a finger, 
the partition is between them. An observer, 
however, may be extended by mechanical de- 
vices. Bohr has cited the following example: 
If one firmly grasps a long stick in one’s 
hand and touches it to a body, the body 
touched is the object of observation, and the 
stick is an apparatus that may be viewed as 
Part of the observer, It is a psychological 
fact that one locates the tactual aspect at the 

the partition is be- 
tween the body and the end of the stick. If, 
however, the stick is held loosely in the hand, 


the stick becomes the perceived object, and 
the partition is between stick and Fand.” 
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for a physicist calibrating a meter. Ba 
the clinician almost invariably stan a 
beyond the partition as the observer an 
in most situations the partition is a 
the object—the patient. è 

There is an theese parallel ra 
tween difficulties in observation ¿n n 
clinical situation and in thẹ obser yaga i 
of microphysical entities. Lenzen 
marks: 


In an observation of a micro-physical ae A 
tity there occurs an interaction bave ea 
ject and instrument; the instrument ae 
against the object and may produce a of a 
Predictable, finite change in the value 30). 
quantity that is . . , being obsersed (6, P. uire 

The observations of micro-physics H 
interpretation in terms of classical co" nite 
but the fundamentally unpredictable, men! 
effects of the disturbances by the Sar ap- 
of observation lead to a restriction int hysi- 
Plicability of classical concepts to male tweed 
cal objects. The cognitive partition oe in- 
object and apparatus is the seat of “hysics 
determinacy which limits theoretical Pa f 
to the statistical prediction of the resu 31). 
classically interpreted experiments (6, P- 


+ atioD 
The parallel between this situati? 
and the clinical situation is clear. ob- 
clinician certainly interacts with oe e 
ject being observed, and, in Prine nite 
“may produce an unpredictable, the 
change” in the object. Moreove ‘table; 

object may produce an “unpredic 
finite change” in the observer.* made 
There are thus two points to be d the 
here. First, in order to understan p- 
interaction between the clinician g 
Server and patient-object, it is ptoP oint 
that we shift the partition to 4 P 


ibing 

In a sense, the clinician when dear ich 
a patient gives a report on the changes ark 
happened to himself. Note Lenzen’s | n be 
here: “In such observations (interactie e t0 
tween subject and object) it is not P prir 
control the action of the measuring cae 
ment upon the object, for the instrum?” rean’ 
not be investigated while serving as ‘ate that 
of observation” (6), Tt appears likey on 
the clinica] Psychologist has so ines a 
been the subject of investigation be, cy? 
has been serving primarily “as a m 
observation,” 
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beyond the clinician-observer where our 
observations can take place in a non- 
Interactive fashion. Second, it is pro- 
Posed that we consider the “cognitive 
en between object and [clinician]” 
Seon an indeterminacy relation in a full 
‘tie ¢tical sense, and utilize research 
i ures congruent with this proposi- 
ie otherwise, it is suggested that 
Oia r ider the clinician not as a reader 
A E ruments, as tradition has it, but 
Sae atment to be analyzed and 
model ood in terms of a probability 
ing the (An example of research follow- 
ater.) Se Si tac will be presented 
lating ; e turn now to problems re- 
of th 0; a reduction base in the study 
e clinical method. 


In 
TERSUBJECTIVE COMMUNICABILITY 


Pies next the problem of (macro-) 
Scientist he easurement. The physical 
>- begins with events which are 
rime subjectively observable and 
cable. That is, observers agree 

of relia event with a high degree 
Cate they ity and can readily communi- 
obsery, €ason for their response. Thus, 
c aers of boiling and freezing points 
liquid me not only as to when the 
can ae or freezes, but can point to, 
Cision, Municate the basis for their de- 


N 
Bard y Consider the situation with re- 
State o ehavior. Observers of the 
State exi aper may agree that such a 
achieved) s (ie., high reliability may be 
Communic. but they may not be able to 
Sion, 6, icate the basis for their deci- 
differe, they may have decided on 
Communi evidence (i.¢., intersubjective 
e Scability is not achieved). 
Tucial question here is this: Is 
Pen, Municability* merely due to 
maa be ayn amore nearly correct term here 
y» ited intersubjective communica- 


Non, 


al , 
thttor aa the interests of simplicity the 
Us, Sipe to risk overstating the case— 
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technical difficulties sooner or later to 
be surmounted? Or is noncommunica- 
bility a direct reflection of behavior, 
that is, a starting point for, the study 
of behavior rather than a difficulty to 
be eliminated if possible? Should it 
actually be the case that noncommunica- 
bility is a direct reflection of behavior, 
then psychologists should cope with it 
theoretically rather than treat it merely 
as a technical difficulty. If, on the other 
hand, noncommunicability is merely due 
to poor circumstances of measurement, 
then we must turn to the laboratory 
where circumstances can be arranged 
more neatly. Here it will be hoped that 
communicability can be arranged via 
operational definition. If this can be 
done (and it is likely that most psy- 
chologists believe it can), then clinicians 
will have to wait for the technical prob- 
lems of noncommunicability to be over- 
come in the laboratory. 

It is also likely, however, that many 
psychologists have misgivings about the 
rapidity with which this goal is being 
reached. For it does appear that such 
a position accepts uncritically the hy- 
pothesis that noncommunicability is 
simply a function of inadequate appa- 
ratus, i.e., poor techniques. An equally 
tenable hypothesis would be that the 
apparatus is not inadequate, but rather 
that noncommunicability is a phenome- 
non to be understood rather than one to 
be eliminated from study. One would 
then be faced with the problem of de- 
veloping a behavior theory and a re- 
search methodology appropriate to the 
problem. We now turn to the theo- 
retical problem, that of considering ob- 
server-object interaction and noncom- 
municability jointly in relation to the 
theoretical concept of vicarious func- 
tioning. 2 


VICARIOUS FUNCTIONING 


The notion of noncommunicability 
can be"robbed of its tietaphysical air 
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ideration of the behavioral fact 
a r functioning. Almost all 
students of behavior are in agreement 
with Tolman (8) and Brunswik (2) 
that higher organisms may substitute 
one form of behavior for another in or- 
der to achieve a goal. In the biologi- 
cal literature this phenomenon has been 
termed eguifinality (2, p. 17). And 
concerning the perception of the envi- 
ronment, Brunswik and others have 
shown that cues to distance, say, may 
substitute for one another (1, p. 48). 
This phenomenon has been termed 
equipotentiality of cues,® Thus, vicari- 
ous functioning refers to the variability 
in what might be termed behavioral 
“output” (equifinality) and “input” 
(equipotentiality of cues for an 
ism). 

Now the concepts of noncommunica- 
bility and observer-object interaction 
may be set in parallel to the concepts 
of equifinality and equipotentiality. 

Consider the clinical situation. The pa- 
tient is trying, say, to achieve a cer- 
tain goal. The clinician is attempting 
to discover the patient’s motive. The 
patient substitutes one form of be 
ior for another as he attempts to ac 
his goal (equifinality) , 
perceives these behavior: 
stitute for one another, 
also substitute for one another (equipo- 
tentiality). Because of vicarious func- 
tioning, then, the clinician is hard- 
Pressed to point at, to communicate, 
the basis for a decision (except in the 
Special case where univocal cues are 
available), Moreover, the partition be- 
tween observer and object becomes in- 
distinct for the same reason. Vicarious 
functioning, then, lies at the heart of 
the private, quasi-rational nature of the 
clinical decision, (Lenzen’s phrase is 
certainly applicable here: “The cogni- 
tive partition between object and ap- 
paratus is the seat of an indeterminacy 


organ- 


hav- 
hieve 

The clinician 
S, as they sub- 
as cues which 


5 This matter is discussed at "length by 
Brunswik (2, Pp, 16-25), 
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+i: -” [6, p. 31].) ‘Thus, ae 
vicarious functioning (equifinality ae 
equipotentiality) to occur, nonconta 
cability and observer-object interaction 
are not merely regrettable clinical oc 
currences to turn one’s back on, but a 
starting points for the analysis of ue 
clinical method, provided the appropri 
ate research method is available. 


REPRESENTATIVE DESIGN 


What are the requirements of 
appropriate method? An approp a 
method must permit vicarious functio’ i 
ing to take place. It must take oe 
potentiality and equifinality as givi li- 
and it must permit inductive genera 
zations despite them. 5 

Brani development of a mH 
odology which he terms “representa! iit 
design” (1) seems to meet these Fd 
teria. Representative design is an rae 
developed upon the concept of viat 
functioning, and requires that this 
of behavior not be eliminated (1, P- 

f., 48 f.; 2, sec. 8). cri- 

The uncritical observance of the con- 
teria of strict classical design U z 
trast to representative design) ° cipa! 
periments is, to my mind, a pia í 
stumbling block to the advan bts 
clinical psychology. As long as hd ex- 
ous functioning is ruled out of tae a 
perimental laboratory situation thetic 
cord with the tradition of nomo arti- 
behaviorism, and as long as the p 
tion between the clinical pe the 
mains at the object, in accord W! on% 
tradition of clinical psychology, $° ji- 
must clinical psychology and ® disci 
mental psychology remain isolate e 
Plines. However, it might be bym ob 
sized that noncommunicability 2” erel¥, 
Setver-object interaction are not a of 
technical difficulties but reflectiO™ 135 
Vicarious functioning. Accepting, pal 
hypothesis, and shifting the tradi" ipe 
Place of the partition from betwé 7 ont 
clinician and object to a po er 
the clinician, will then permit CH 


L 
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patient interaction to be studied—pro- 
vided the nomothetic ideal is relin- 
quished and the principles of representa- 
tive design are invoked. 

Before turning to our examples it is 
Worth noting some of Brunswik’s re- 
ae (2, p. 9) which will serve to em- 
` asize the importance of the separa- 
‘on of subject and object as well as the 


ambioust: s Fa 
'mbiguities derived from vicarious func- 
tioning: 


ean turns in the history of ideas . . . are 
tions, „mes described as “Copernican revolu- 
ingly th hey define a succession of increas- 
e603 in reatening blows to the pride of the 
Science Ps¥choanalytic terms, the history of 
disentangl one of “retreating narcissism,” or 
jective ota of the objective from the sub- 
throneq a wishful, Copernicus himself de- 
araway man’s planet as the center of a 

n Gee Darwin dethroned the hu- 
mal kin 5 as the absolute master of the ani- 
dethroned om; Freud went still further and 
Sentative be conscious ego as the true repre- 

nt REN Gen, own motivational dynamics. 
ctur, estalt psychology complete the 
aai showing the subjectivity of the 
T age. Discovery of an ambiguous 
an univocal relationship between 
Blons or variables seems to be at the 
most of such revolutions; the new 


dista, 
nt 
toot ee 


is 
Stanc: Paper, then, protests the “con- 
the p YPothesis” of the clinician, and 


n So 
Psycholog etic bias of the laboratory 


ILLUSTRATIONS 


t 
eh our suggestions above indi- 
clinici ur research should begin with 
a -*-patient situation, we have 
4 eee to begin with the cli- 
innin Situation, That is, instead 
or in 5 with the clinician “measur- 
iew eee a patient via the 
gin mae! we found it easier 
mat the situation where the 
measures” or interprets the 
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patient via a test. The principle is the 
same in both cases, however. 

Our first example, then, concerns the 
situation where the clinician interprets 
the Rorschach test. (Any other inter- 
pretive psychological test could have 
been used, or an example could be taken 
from clinical medicine.) An investiga- 
tion carried out by Todd (7) had as its 
purpose the study of the clinician as he 
perceives and responds to cues to the 
subject’s intelligence provided by the 
Rorschach test. Further, Todd’s inten- 
tion was to carry out this study in the 
same manner as a perception psycholo- 
gist working within the framework of 
representative design might study a 
subject’s perception of size, i.e., when 
multiple cues to distance are available 
to the subject. 

Think of the situation this way. 
Analogous to the meter stick for meas- 
uring the length of a body, we have a 
standard intelligence test. Analogous to 
physical cues for judging the length of 
the body we have Rorschach responses 
which can be categorized in various 
ways. The clinician’s task is to esti- 
mate IQ from the Rorschach responses, 
or cues, just as the subject’s task in the 
size constancy experiment is to esti- 
mate bodily size from physical cues in 
the environment. 

First, we may ask, how well does the 
psychologist perform? Obviously, the 
answer depends on the factor of infor- 
mation, i.e., his level of performance 
depends on the kind and amount of in- 
formation we give him.® For ten clini- 
cal psychologists judging the records of 
78 patients, and provided with cate- 
gorized responses alone, the median cor- 
relation coefficient between Rorschach- 
estimated IQ and Wechsler-Bellevue IQ 
was + .47. This is better than ghance 
and fairly impressive. A reasonable 

®The Rorschach test provides two general 
kinds of material: one consists of the entire 
protocol „which contains the subject’s re- 
sponses verbatim, and the other his categorized 
responses. 
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question now is, would the addition of 
the verbal material in the subject’ 
sponse help or hinder the clini 
Such addition does help. The co 
tion increases to + 64.7 

Note that the first step follows our 
suggestion to set the subject- 
tition which Lenzen speaks of at a point 
between the clinician and the experi- 
menter in order that we may study the 
clinician. In the above example we dis- 
cover the over-all functional validity of 
the clinician and Rorschach under two 
conditions—verbal material present and 
absent, 

Todd next turns to the matter of vi- 
carious functioning—the equifinality of 

1 Sophomores in elementary psychology, 
however, entirely naive with respect to the 
Rorschach, and estimating IQ on verbal char- 
acteristics alone, do practically as well, + .58. 
Apparently, therfore, training in ,the use of 


the Rorschach test adds little to proficiency, 
at least in this task, 


S re- 
cian? 
rrela- 


object par- 


Functional validity and mediating factors in clin 
Rorschach test. 


the 
icians’ judgments of IQ from 


es: 
responses and equipotentiality of ou 
First is the matter of the relations’. 
of various Rorschach factors Ree al 
Results concerning this es it 
presented in the left half of Fig. *: ye 
is clear that Rorschach respon jonshiP 
a hierarchical probability rela ‘ct cor” 
(indicated by the less than pene 
relations between Wechsler-Belle s) $ 
and the four Rorschach facto sgul 
Wechsler-Bellevue IQ for this Poe the 
tion of subjects whose protocols 3° 
stimulus objects for these dine a the 

The right half of Fig. 1 illustrates jj- 
relationship of certain cues tO jso W 
gence for the clinician. Here “atom : 
find a hierarchical probability " clink 
ship between Rorschach cues and © pe- 


. : rcu? 
cians’ judgments of 1Q.8 (Inte p 
tion 9s" 
SCf. the data concerning peri Briny 
“cue-family hierarchies” presente ull’s “P 
wik, as well as his discussion of 
family hierarchy” (2). 
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lationships between R and M, etc., are 
also shown in the figure.) 
ee data are urged as empirical evi- 
Bonn, for the concept of vicarious func- 
ae ae in the clinical situation. They 
ellie So urged as evidence for the diffi- 
aan of communication under these 
mstances, 
an yu be recalled that we suggested 
N 3 clinician be analyzed and un- 
in del. in terms of a probability 
Wil th We now turn to this question: 
Provide multiple correlation procedure 
tespong a good model for predicting the 
a multis of the clinician? ° That is, if 
Oped a regression formula is devel- 
sible od each clinician, will it be pos- 
ment A A go his responses (judg- 
records? Q) to a new set of Rorschach 
question In an attempt to answer this 
ased o a multiple regression equation 
Of the be the four factors best for each 
each of re clinicians) was developed for 
orscha F clinicians on a sample of 39 
each dns and predictions made for 
Rorscha h ian for a new sample of 39 
dicteg ri records. The responses pre- 
highly or the clinicians correlated quite 
the te With their actual responses. For 
+. 2 clinicians the median r was 
ing Sar individual correlations 
ym +74 to E o2 Evi 
Whi multiple correlation model 
bines Predicts that the clinician com- 
S linear, data from the Rorschach in 


most psychological ef- 


o 
. See F 
Plication Of iek Brunswik (3) for the first ap- 
anal ne multiple correlation approach 
tak ecognine s of trait-ratings. The reader 
View” here to the similarity of point of view 
wig 8 the chin ia of Kelly and Fiske in re- 
209.2 the Vi ormance of clinical psycholo- 
19202). 


wi) Pa 


‘A assessment project (5, pp- 


ang. po an asi, : 
a Fiske Ger one might ask, as do Kelly 
megi, Multiple if the clinicians are as efficient 
ee corre © correlation procedure? The 
Nts o elation between clinicians’ judg- 
and Wechsler-Bellevue IQ was 
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Neither Todd nor the author, how- 
ever, would urge that the latter data be 
accepted as more than a surprising bit 
of evidence for the utility of the multi- 
ple correlation procedure as a theoreti- 
cal model. The point is this: given the 
shift in locus of the partition between 
subject and object, applying the con- 
cept of vicarious functioning in a repre- 
sentative design framework does make 
it possible to set up some probability 
model to predict the indeterminacy re- 
lation suggested earlier. 

Note that the design did not disturb 
the vicarious functioning of either re- 
sponses or cues. Todd did not, for ex- 
ample, hold all Rorschach responses 
constant except one, or disrupt their 
intersubstitutability by arranging them 
orthogonally as in a systematic fac- 
torial design. It is precisely because 
representative design requires that vi- 
carious functioning of cues be left un- 
disturbed (and thus “representative”) 
that we can specify the scope and pre- 
cision of our induction for each cli- 
nician—such specification being based 
upon the nature of the sample of Ror- 
schach protocols and the number of 
protocols in it. (Obviously inductions 
to other clinicians are foregone for sam- 
pling reasons.) 

From a practical standpoint, it should 
be mentioned that certain variations 
were found among the ten clinicians in 
the effective use of various Rorschach 
factors. Certain clinicians were found 
to be using invalid cues, others neglect- 
ing valid ones. This kind of practical 
information should lead to higher pre- 
dictive validities. 

A study by Herring (4) illustrates a 
further application. Herring studied the 
problem of clinical psychologists’ pre- 


+.470 (see Fig. 1). A multiple R computed 
on the four most valid Rorschach factors was 
+.479. Evidently the clinicians are as ef- 
ficient as a multiple correlation procedure. 
Those factors which were mst valid also cor- 
related most highly with the clinicians’ judg- 
ments. 
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ictions of patients’ responses to surgi- 
eae ion through the use of psy- 
chological tests. Because, according to 
medical authority, variability in re- 
sponse to surgical anesthesia can best 
be ascertained through medical clini- 
cal judgment, Herring utilized the con- 
ception of the clinical method outlined 
above on both sides of the experiment, 
the predictor side and criterion side. 

It may be seen from Fig. 1 that Todd 
worked only with the vicarious func- 
tioning of psychological variables. His 
“true?” measure, IQ, was a normative 
one. Herring, on the other hand, dealt 
with a more common situation—no cri- 
terion available other than another ex- 
pert’s judgment. Ordinarily these two 
measures (judgments) are correlated, 
with no attention to the integration 
Process involved on either side. Her- 
ring was able, however, through the ap- 
plication of the Concept of both physio- 
logical vicarious functioning and psy- 
chological vicarious functioning, to trace 
through all these (partial) causal (?) 
chains so that the network of relation- 
ships became clear. That is, he was 
able to make some progress toward un- 
derstanding the relationships between 
(and among) the’ cues to which the 
medical clinician responded, the cues 
to which the clinical Psychologist re- 
sponded, and, therefore the reasons for 
correspondence and lack of correspond- 
ence between the medical and psycho- 
logical clinicians judgments, i.e., the 
predictor and criterion variables. For 
example, Herring was able to show that 
one of three clinical psychologist’s pre- 
dictions did not correlate with the medi- 
cal clinicians’ criterion judgments be- 
cause the psychologist’s judgments were 
almost totally a function of one test— 
whicti happened to be invalid for this 
purpose, 

Summary 


The attempt has been made here to 
Scrutinize the clinical method from a sys- 
tematic, methodological point of view. 
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Lenzen’s remarks concerning the pa 
tion between the subject and ob 
were introduced in order to suggest thal 
the clinician not be considered a reat 
of instruments, but an instrument to A 
understood in terms of a probability 
model. It was suggested that. af a 
criteria for a reduction base, high f 
ability and communicability, the 1a F 
is difficult to achieve, not because a 
mere technical difficulties but bee 
of a fundamental fact of behavior z 
scribed as vicarious functioning. Brie 4 
wik’s “representative design” is a i 
to be the research procedure Wee 
congruent with vicarious Funcion ’ 
its applicability is demons aag Kin 
Todd, who also demonstrated the s A 
bility of applying a probability ™ 

to the clinical situation. 
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FEEDBACK THEORY AND THE REFLEX ARC CONCEPT 
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mee e25 John Dewey criticized the 
a e arc concept in psychology on 
T ie er of grounds and concluded 
and a k . . the distinction of sensation 
Ras AEN as stimulus and response 
can be vely is not a distinction which 
ing ered as descriptive of any- 
aM ich holds of psychical events 
nces as such” (1, pp. 369-70). 
the and used the familiar example of 
from eee for the flame, taken 
Severe] uliam James. The theory he 
simply s Aeriticized was the one which 
is a inci that the sensation of light 
Sponge, a to the grasping as a re- 
later ee Not until nearly a half-century 
Which et (o Periments were performed 
erase d allow a testing of the reflex 
coordinat In Bross behavior—eye-hand 
tinuous lon situations where some con- 
“childe pecord of the position of the 
be m, © Band” and of the “flame” could 
for i The experiments which allow 
tracki S kind of recording are called 
Ow ee experiments. The “flame” is 
bec è ed the target; the “finger tip” 
of contr) Special example of a number 
JOY stic ots, including variously loaded 
View, ha and handwheels; the field of 
Of his ya, wins that which the child sees 
ape of the candle and of various 
ay, nsects, is now called the 
XC 
ally ie for the fact that S is now usu- 
hae a Bae one or two dimensions in 
te ion T din move, and that his mo- 
eae y ee by instruction rather 
tohi g is aY or burning pain, ev- 
RIs « ea A much the same with 
sic- Enfant 4 n operator” and yester- 
&xample errible. At least the clas- 
of the reflex arc is no bet- 


or 


ade, 


ter as an example than is the modern 
one. 

There are but two things left to do 
to complete the similarity between the 
two examples. We must restrict the 
modern tracking to step-function inputs 
—sudden displacements of the target, 
in order to make it correspond to the 
sudden observance (or sudden lighting, 
if you will) of the candle in the classic 
example. Further, we shall only con- 
cern ourselves with the first half of the 
Dewey-James example where the child 
reaches for the flame. This phase illus- 
trates the negative feedback principle to 
be discussed in this paper. 

Tracking of step-function inputs, then, 
is a good example of the reflex arc. It 
is also a very special case of the psy- 
chophysical method of reproduction 
where the error contributed by S may 
eventually be reduced to zero. That is, 
tracking is the method of reproduction 
with knowledge of results and usually 
with continuous recording over time of 
the target and the control, or at least 
the difference between them. 

Today’s tracking, however, usually 
tends to imply more than a particular 
experimental situation. There is a the- 
ory which goes along with most experi- 
ments of this sort: on the one hand it is 
a more precise statement of the reflex 
arc notion, and on the other hand it 
says some quite different things. 

Briefly stated, the theory of negative 
feedback extends to all systems which 
use a measure of the difference be- 
tween the target and the control fo de- 
crease that difference (3). In the 
Dewey-James example, the difference 
between the finger tip and the flame is 
fed back’ and used to control perhaps 
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the velocity of the hand; the greater the 
distance to go, the faster the movement. 
We shall not concern ourselves here 
with the™specific technical advantages 
of particular methods of analysis of 
feedback systems or with the special as- 
sumptions which many of these meth- 
ods employ, but will turn instead to the 
general notion of the feedback system 
as a model for the reflex arc situation. 
The purpose of this paper is: first, to 
ascertain whether or not feedback the- 
ory (or servo theory) answers any of 
the criticisms of reflex arc theory which 
were raised by Dewey in 1896; and 
second, to see in what ways feedback 
theory conflicts with the simple stimu- 
lus-response notion implied in the re- 
flex arc theory of Dewey’s day. 

First of all we notice that by its very 
nature of being a closed-loop theory, or 
a theory applying to systems which 
continually or continuously use a meas- 
ure of performance to control perform- 
ance, feedback theory meets Dewey’s 
objection that “[reflex arc] gives us 
literally an arc, instead of the circuit; 
and not giving us the circuit of which 
it is an arc, does not enable us to place, 
to center, the arc” (1, p. 370). Re 
flex arc theory, as criticized by Dewey, 
was apparently an open-loop system. 
Servo theory closes the loop. 

Secondly, Dewey criticized the reflex 
arc notion as follows: 


Upon analysis, we find that we begin not 
with a sensory stimulus, but with a sensori- 
motor coordination, the optical-ocular, . . , 

Now if this act, the seeing, stimulates an- 
other act, the reaching, it is because both of 
these acts fall within a larger coordination; 
+. the ability of the hand to do its work 
will depend, either directly or indirectly upon 
its control, as well as its stimulation, by the 
act of vision . , , The reaching, in turn, must 


both “stimulate and control the seeing... 
(1, p. 358). 


Since the analysis of a feedback sys- 
tem 1S in No way vitiated if the system 
is made up of a number of sabsystems, 

) 
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it would seem that modern servo theory 
again fills the bill. 
Thirdly, Dewey stated: 


ji t 
The sensation or conscious stimulus E 
a thing or existence by itself; it is that ra 
of a coordination requiring attention oe 
by reason of the conflict within the on A 
tion it is uncertain how to complete i ‘immu 
The end to follow is, in this sense, ne js- 
lus... . From this point of view hse” to 
covery of the stimulus is the resp Gener- 
possible movement as “stimulus. see s that 
alized, sensation as stimulus, is ae in 
phase of activity requiring to be de! pleted 
order that a coordination may be com 
(1, p. 368). 


This criticism of the refiex arc att n 
at the heart of the matter, for it ¢ a 
lenges the validity of the stimulos 
response as separate entities whic 
causally related in some way. 


d ent 
We may expand upon this argu™ 


by means of a simple example 
tracking: 


| 
| 


0.50 SECONDS —— 


on if” 
Fic. 1. Diagram of typical step fun ptt 
put and output. The solid line is at 2 mi 
Presented to S through a narrow slit atten? 
rate. The dotted line represents at T 
to keep his control pencil on the wee unde” 
error in initial response may be E 
shoot (as shown), an overshoot, oF 1 
jca 
Figure 1 shows a diagram of ad oot 
step-function input (solid line) “asente 
put (dotted line). What was P less at 
to S was a dot remaining mon 1 
one position on,the field, and 
instantaneous displacement ( 
other position on the field. a 
line shows S’s attempt to iolon ow? 
displacement of the target with P? s 3 
control. His control in this oon on 
pencil which he attempted to K Jine) 
short segment of line (the 50 ow pis 
which he viewed through a nat 
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His output was then recorded, super- 
jh osei upon the input (which Æ pro- 
Smed for him by drawing lines at 
s positions and of various lengths, 
aes sending to time intervals, on a 
dit wh Paper which was fed past the 
a lere S’s pencil point was resting). 
ae tracking input-output diagram 
ample e taken as a slightly simpler ex- 
t Of the reflex arc situation than 
€ child-candle. 
eer better to understand Dewey’s 
Ecri ee to the naive stimulus-response 
might” lon of this type of behavior, we 
sponse attempt to apply stimulus re- 
gram pation to the input-output dia- 
stimulu tracking. Let us define the 
Over ti a4 as a change in environment 
vo e produced and measured by E 
uc Beans which he describes in 
by Bikes that they may be duplicated 
might tS, and: (a) which, at any time, 
a Aer some or all of the infor- 
ime, or eading to the response at that 
Possiby Sa which, at any time, might 
SPonse i ctermine all or part of the re- 
any time that time, or (c) to which, at 
in some. the response might be related 
Sary Konan: or (d) which is a neces- 
wil ition for the response. 
Ctisticg a us check through the charac- 
© cringe! the input to find what meets 
its eria listed above. 
dog Som the mere existence of the target 
cannot ee (anywhere) on the field 
“Xisteng One be called stimulus. The 
hange + Of the target dot is not a 
ls, in environment over time; that 


the Bina may always be there during 
None -s dment, Furthermore, it meets 
Choe o> the other criteria. The exist- 


“req 9f the target dot “might be consid- 
e pocessaty condition for the re- 
Unde ee it not for the fact that 
sh; oh conditions (after the es- 
ds) i of expectancies of various 
Existe response is obtained without 
NY rate oo Of the target dot (5). At 

the existence of the target pro- 
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vides no information for the response, 
cannot possibly determine the response, 
and the response is not much related to 
the mere existence of the target. 

Second, the position of the dot rela- 
tive to the rest of the field (slit) is 
clearly not the stimulus. In the first 
place, we discover that the same re- 
sponse may be obtained to targets posi- 
tioned anywhere on the field. In the 
second place, the position of the dot on 
the field can in no way determine the 
extent of movement of S, nor provide 
information to determine the extent of 
movement. The S has to know “which 
way” and “how far” before he moves, 
and the position of the dot relative to 
the field does not tell him this. The 
position of the dot on the field (or in- 
deed, the position of the dot relative to 
any frame of reference of E’s) is not 
related to the response of S within a 
wide range of conditions. 

Third, the displacement of the target 
(the size of the movement 7) cannot be 
called the stimulus since, if it were, we 
would be restricted only to the condi- 
tion shown where S’s position is equiva- 
lent to the position of the target just as 
displacement occurs. The displacement 
of the target, like the position of the 
target, does not tell S “which way” or 
“how far” except for the time right 
after the target moves and just before 
S moves. After S has started to move 
(either in the right or the wrong direc- 
tion), Z can only be misleading infor- 
mation telling him “how far” or “which 
way.” 

The result of all this rather simple 
reasoning (not to be confused with 
Dewey’s more eloquent generalizations) 
is that we come to the conclusion that 
there is nothing about what E does to 
the environment which can alone be 
called the stimulus if we give the term 
stimulus any psychological relevance. 

Let us take a more functional view of 
the situation in an attempt to discover 
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what might be the “stimulus” as far as 
i ned. 
X What must S know in order to be able 
to respond adequately? __We gave the 
answer above when we said that ho must 
know “which way” and “how far.” In 
order to know these, he must know 
“where he is” and where he “wants to 
be.” But the difference between where 
he is and where he wants to be, includ- 
ing sign, is the answer to the questions 
“which way” and “how far.” To the 
extent, then, that we can assume that 
S’s frame of reference relative to which 
he knows these things corresponds in 
important ways to the one E gave him 
(the slit), and furthermore to the de- 
gree that where S wants to be corre- 
sponds to where E wants him to be, we 
can say that the stimulus is equal to 
the “just past” difference between the 
dotted line and the solid line. Or, to 
paraphrase the statement made earlier, 
the difference between where S is and 
where he wants to be is continually 
used as the “stimulus” to decrease that 
difference. If we know where S is (in 
the same regard as he knows it) and if 
we can assume that where § wants to 
be is equivalent to the position of the 
target relative to that regard, then, and 
only then can we specify what the 
“stimulus” is. But notice this about the 
“stimulus” which we have thus deduced. 
This “feedback” stimulus is much closer 
to Dewey’s idea of the stimulus than it 
is to the stimulus response notion which 
demands that the stimulus be defined 
a priori in terms of E’s frame of refer- 
ence. The Dewey feedback stimulus is 
far from a given, constant thing. It is 
an assumption—both on E's part and 
upon S’s part. It is a continually 
changing thing. It depends upon where 
isuand § is moving. The S alters 
(and at times creates) the stimulus in 
Just as real a sense as does E. Further- 
more, the very existence of the stimulus 
depends upon'a “common ground” or 
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frame of reference between Æ and S ag 
upon common purposes between na F 
Both the child and the man who lights 
the candle are parties to a transan ie 
which has no meaning in terms of ei 
arately. 
a ae in the reflex a 
is the error signal (difference beni a 
desired state and present state) a Bs 
is not the input defined in terms 0 
frame of reference. far as 
This statement is all right as ea gh. 
it goes but it does not go far eno the 
The error signal, as E knows it, 18 = 
difference between the dotted line ome 
the solid line. But S hay at his a f 
mand, of course, only an estima ho! 
this difference. There are tare here 
Properties to be considered an Fur- 
are constant and variable errors. -dence 
thermore, there is much good evis a 
to show that S’s estimate of how ee 
which way he has to go is nie 
to some extent by his past Cee need 
there are serial order effects and “T com- 
effects (2). Perhaps other MOR esti- 
plex dependencies may affect S f pet 
mate, especially at high speede a e all 
formance (6).1 Are we to inc! rae 
this in the term stimulus? If Bae 
give the term any a priori psy€ 3 chat 
relevance we must consider som © we 
acteristics of S in our definition. on it, 
do not want to be arbitrary 4 gnitio® 
We are forced to qualify our ai fol 
of the term “stimulus” with t 
lowing clauses: fa 
1. It is an abstraction out 0 ction 
ess, called, by Dewey, a ee b É. 
2. Tt is created by S as well F oles 
3. It is never fixed or constan 
both E and S want it to be. 
4. It is an assumption. petwee™ 
5. Tt is at least a difference Pe ihe 
two estimates—one with regar" 


prom 


cor 
` The difference which exists betwee oe 
Pensatory and follow tracking nde uP 
S is using more than the error Si 
which to base his response. 
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Control and one with regard to the 
target. 
ane Experience and various psychologi- 
errors enter into this estimate. 
te acne avoid the above argument 
nee Ane stimulus purely in physical 
referent at is, relative to E’s frame of 
eTA We may define it as the ex- 
Tent €, or the position, or the displace- 
Ri A pe the brightness of the target or 
Eine. these. But if we do this—ie., 
is ee culos as independent of S, it 
cal we no a priori psychologi- 
haten purposes of clarity, we should 
in Fig Pes stand for the heavy line 
Cae We shall call this the input 
standin Stimulus if you like), under- 
a fe that we can never be sure 
pinay aie anything, it has been put into. 
output a line in Fig. 1 we call the 
should p hen we use these words, we 
Psycholo emember that these are not 
Physic Bical variables. Nor are they 
relevant niente which are usually 
ing of thi. a psychological understand- 
defined Is transaction. The input is 
Telative as what IE does to the target, 
Choose to the frame of reference he 
rational T his is to give input an op- 
OSes ag efinition relative to his pur- 
While it an experimenter. The output, 
frame Bere be defined relative to E’s 
Stence f reference, can only have ex- 
Only ; ‘OF S relative to S’s purposes. 


Aai 
Poseg ^ the event that S’s and E’s pur- 


Se, 
Boals Overlap, that they have some 
messi Common, is an experiment 


o 

lus mu What is true for the “real” stimu- 
Stim i OPposed to the “irrelevant” 
eining described abovè)—namely, that 
poses me depends upon common pur- 
Tames nies E and S, upon common 
fed an reference, that it can be cre- 
hat it ie tered by both Æ and S, and 

an abstraction out of a com- 
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plex transaction—is likewise true for 
the response. 


CONCLUSION 


We have taken one of the simplest 
examples of the reflex arc and attempted 
to apply stimulus-response concepts to 
it. In trying to do this we have dis- 
covered that we do not know what the 
stimulus is unless we know what the 
response is and what previous stimuli 
and responses were and that, as a mat- 
ter of fact, we need quite a good un- 
derstanding of the transaction in order 
usefully to call anything the stimulus. 
The same line of argument can be used 
for the so-called response side. We do 
not know what the response is unless 
we know what the stimulus is. Feed- 
back theory tells us that the stimulus 
is at least the difference between the de- 
sired state and the present state. Our 
knowledge of psychology tells us that in 
this sense it must be a good deal more. 


REFERENCES 


1. Dewey, J. The reflex arc concept in psy- 
chology. Psychol. Rev., 1896, 3, 357- 
370. 

2. Errson, D. G., & WHEELER, L. Jr. The 
range effect, Dayton, O.: USAF, Air 
Materiel Command, Wright-Patterson 
Air Force Base, 1949. (AF Tech. Re- 
port No. 5813.) 

3. Firts, P. M. Engineering psychology and 
equipment design. In S. S. Stevens 
(Ed.), Handbook of experimental psy- 
chology. New York: Wiley, 1951. Pp. 
1287-1340. 

4, KILPATRICK, F. P. (Ed.) Human behav- 
ior from the transactional point of view. 
Hanover: Institute for Associated Re- 
search, 1952. 

5. Stack, C. W. Learning in simple one-di- 
mensional tracking. Amer. J. Psychol., 
1953, 66, 33—44. 

6. Stack, C. W. Some characteristics of the ‘ 
“range effect.” J. exp. Psychol., 1953, 
46, 76-80. o 


(Received June 4, 1954) 


hological Review 
vac Ne! 4, 1955 


INTERPERSONAL BEHAVIOR AS INFLUENCED BY 
ACCURACY OF SOCIAL PERCEPTION 


n IVAN D. STEINER 
University of Illinois 


This paper presents a critical exami- 
nation of two propositions which link 
accurate social perception with com- 
petence in interpersonal behavior and 
with group efficiency. The first of these 
propositions maintains that the more 
knowledge an individual has concerning 
the intentions, preferences, and beliefs 
of other persons, the more effectively he 
can participate in group activity with 
those other persons. This proposition 
provides the rationale for much of the 
training we give to teachers, social work- 
ers, clinical psychologists, and others 
whose work involves continuing inter- 
action with people. 

Attempts to verify this proposition 
have ordinarily involved the use of high 
sociometric status or high sociometri- 
cally evaluated Productivity as indexes 
of the individual’s interpersonal com- 
Petence. With these indexes as cri- 
teria, considerable empirical evidence 
has been produced in support of this 
Proposition. Chowdhry and Newcomb 
(3) found that persons who were socio- 
metrically chosen, by various criteria, 
tended to make the most accurate esti- 
mates of group opinion on topics rele- 
vant to the group’s aims and functions, 
Gage (8) found that high school seniors 
who did the most accurate job of pre- 
dicting the responses which others would 
make to the Kuder Preference Record 
also received a large percentage of 
their classmates’ sociometric choices, 
Greer, Galanter, and Nordlie (10) have 
reported that Sociometrically popular 
members of infantry squads are more 
accurate than less popular members in 
Predicting the Sociometric positions of 
men in their ‘squads. Norman (17) 


analyzed data obtained by a vei 
ans Administration research project a 
found that graduate students who W a 
most often rejected by their classma 5 
had the least realistic percepia 
others. Other investigators (2, dont 
21) have also reported positive rela a 
ships between accuracy of social per 
tion and interpersonal competence. ie 
The second proposition to be o 
amined here involves an erten maA 
the first. It maintains that groupn s 50 
posed of individuals with pene: 
cial perceptions will be more €! wi 
than groups composed of members W! 
less accurate social perceptions. 
in this proposition guides much otimes 
marriage counseling and has sonaa 
been a factor in the selection 0 f the 
crews and play groups. Much z 
empirical evidence in support Studies 
proposition has been provided by St" 5h 
which were not directly concerne val 
group efficiency. Thus, eed give? 
his associates (6) have frequent na of 
group members erroneous abet suc 
one another and have found thai com 
impressions can lead to restricte sectio” 
munication within the group, aa cor 
of members, and to lowered = sus" 
hesiveness. Such findings strong ption 
gest that inaccurate social perc ich 
can reduce the efficiency with al of 
groups achieve either individ o 
group goals. Similar indirect | in? 
for the proposition is provider at 
study by Dymond (5). She four wuple 
members of happily married efficiet 
(presumably groups which are goal’) 
in achieving individual and grouP el 
made fewer errors than did memaict™? 
unhappily married couples in p" 
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i another’s responses to the Minne- 
7 a Multiphasic Personality Inventory. 
Í = direct support is provided by Cot- 
fan and Dymond (4), whose ratings of 
a P efficiency were positively cor- 
ated with the average accuracy of 
ee members in predicting one an- 
a T e self-ratings. Greer, Galanter, 
Eu ordlie (10) have also provided 
mal peot for the proposition. They 
ce at infantry squads consisting of 
nen 10 did a good job predicting one 
A Ee sociometric positions within 
S oup were rated more highly than 
nee Vads on performance of field 
Aia ers, 
vide oe the studies cited above pro- 
of the ao basis for confidence in each 
A an. propositions, other studies 
be to produce positive findings. 
Te o first proposition appears to 
failure tradicted by Campbells (18) 
etween ‘ Ses a positive relationship 
Officers. + accuracy with which naval 
men “a ged the attitudes of their 
the Crew. E officers’ popularity with 
failed ek Similarly, Sprunger (20) 


btain Se : 
etween the a positive correlation 


Supery; accuracy with which office 
vi 
an 1sors p 


the erceived their subordinates 
with ¢ popularity of those supervisors 
Notable A Workers. Perhaps the most 
ositi ailure to confirm the second 
Fieq er ay is contained in the work of 
Curae, Who has studied the perceptual 
ficient 1 of members of efficient and in- 
His i basketball and surveying teams. 
of Beret with respect to the effect 
ral] cee ual accuracy have been gen- 
time A 8ative.t Indeed, there has some- 
tion of reared to be a slight associa- 
fective Perceptual accuracy with inef- 
| The performance. ~ 

Ings gy, nistence of contradictory find- 
are | b8ests that the two propositions 
LR, er completely true nor com- 

1954 “dler, p P Pe 
ersonal communication, 


$ .E 
Otha) _ Fii : 
her findi (7) has recently summarized 
ES of these studies. 
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pletely false. It is probable that each 
is a true statement of a relationship 
which exists under certain limiting con- 
ditions, but a false statement when 
those limiting conditions do not prevail. 
If this is the case, it is desirable that 
the limiting conditions be identified and 
that the propositions be altered to take 
them into account. 

Such limiting conditions might be 
identified by either of two methods. 
One method calls for a systematic and 
comprehensive analysis of the studies 
which have produced positive findings, 
and a comparison of those studies with 
others which have produced negative 
findings. Although in principle this 
method should be capable of identify- 
ing some of the conditions which deter- 
mine the validity of the propositions, 
it is a procedure which involves all of 
the practical difficulties encountered in 
any ex post facto analysis. The other 
method seeks to identify the limiting 
conditions through an examination of 
the assumptions which are implicit in 
the two propositions. These implicit as- 
sumptions may themselves specify some 
of the conditions under which the two 
propositions are likely to be valid. 

This paper will employ the second 
method in an attempt to identify cer- 
tain of the conditions which must exist 
in order that accurate social perception 
can lead to increased interpersonal com- 
petence and group efficiency. 


ASSUMPTIONS CONCERNING 
COLLECTIVE ACTION 


The term “collective action” will be 
used in this paper to designate the be- 
haviors of two or more persons who are 
attempting to satisfy needs or attain 
goals through copoerative effort in a 
“face-to-face” situation. Certain as- 
sumptions concerning the nature ôf col- 
lective action are implicit in the propo- 
sitions cited above. It is implied that 
efficient collective action is accomplished 


270 Ivan D. 
through a dyadic process in which each 
participant adjusts his own behavior in 
response to the intentions and prefer- 
ences of others. This view of collective 
action has received wide support in the 
literature. Mead (14) has contended 
that integrated collective action requires 
that each individual “take the role of 
the other,” a process by which he gains 
insight into others’ intentions and pref- 
erences. Asch (1) has eloquently de- 
fended a theory of human interaction in 
which the existence of mutually shared 
psychological fields and the capacity 
for “taking into account the emotions 
and thoughts of others” provide the 


tudes of others. 

lationship is ess 
Sears (19) has 
adic unit can þe 
bining of two or 


behavior. It ist 
are “responsible 


lar explanation of collective action. Be- 
icipate not 
effect, but 
humans are capable 
kind of teamwork 
which is definitely lacking among other 


It is easy to agree with these writers; 
efficient collective action often does re- 
quire that each Participant anticipate 
the behavior of others. Tf individuals 
engage in role taking, maintain simul- 
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taneous orientations, or have mut 
shared fields, their collectively prod 
behavior sequences may constitute w147 
Cae (19) has calledes “dyadic a 
tem.” Group behavior can bec 
“more than a fortuitously useful oe 
junction of individual actions” or 2 
mere piling up of “parallel moncdic a 
quences.” It can be interlocking ent 
havior which leads to the achieve aa 
of individual or group goals with a mi id 
mum of wasted effort or needless ee 
cation of behavior. However, there F 2 
reasons for doubting that this conc z 
tion of collective action is univers 
valid. é ive 
Basic to this conception of colle at 
action is the assumption that indiv: are 
als are relatively free agents wae 
Permitted to alter their own pen the 
in response to their perceptions of t 
intentions or preferences of others: nges 
thermore, it is assumed that the a e 
which such perceptions produce o 
individual’s behaviors will lead sys 
more thoroughly integrated dyadic met 
tem. Unless these assumptions aie it 
accurate social perception, whe simul 
be achieved through role taking, cho” 
taneous orientation, or shared p*r eted 
logical fields, can scarcely be HA 
to increase interpersonal compete er of 
group efficiency. In the remain that 
this paper it will be contendec ie 
much of our most efficient collect! e a 
tion occurs when neither of Oe ae 
Sumptions is met, and under i er 
stances which make accurate socÍ 
ception relatively unimportant. | ns 2E 
Even when these two assumpto fail 
met, accurate social perception moller 
to permit or ençourage efficient tedha 
tive action. It should be expec e 
do so only when the attributes, P 
ences, or intentions which are aca 7 
perceived are relevant to the ele ant 
hand. Accurate perception of 1" gpf 
qualities in the other person Tce p 
prove to be distracting in its eff 
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the remainder of this paper “accurate 
Social perception” will refer to the per- 
eon of qualities, preferences, and in- 
€ntions which are relevant to the ac- 
tivities of the group. 


Ri . 
OLE SYSTEMS AND SOCIAL PERCEPTION 


ieee systems often permit or compel 
Be es to produce efficient dyadic 
ae it sequences even though they 
aa ittle about one another’s inten- 
will A preferences. This contention 
oe ated by the construction of 
f y rith which to represent some 
ESA aracteristics of a role system. 
a ai be helpful to imagine a matrix 
of cells, T, and rows, creating a system 
F ach of the columns will bear 
ate rec e of a category of persons who 
by ig came as functionally distinct 
Such ac Sa of the collectivity. 
Dumb egories may fall along any of 
Material of dimensions like age, sex, 
Not at ee occupation, etc. It is 
e uni dim necessary that the categories 
Most coll ensional, and in the case of 
îs only psc mites they will not be. It 
e eee ey that the members of 
Buishin Ctivity be capable of distin- 
lon a between the people who be- 
Quiremen erent, categories. This re- 
t is easily met, for if people 
i naturally distinguishable they 
made artificially distinguishable 
e€ use of special clothing, in- 
? Spatial arrangements, and a va- 
E t er means. 
the pn OWS in the matrix will each carry 


Signig 
Nety 


ET 
Altho Me of a category of situations. 
Situati ees may seldom categorize 
Sori, as explicitly as they cate- 


lus ae aS, the multiplicity of stimu- 
itt ach ODS Precludes the possibility 
h ng tot to be responded to as some- 
as Points ly unique. As Merton (15) 
Stang ed out, groups tend to evolve 
À Ways of classifying the situa- 
Unter wch are most frequently en- 

n collective action. Similar 
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situations tend to be classified into the 
same category and to be treated as 
though they were equivalent. Here, as 
in the case of categories of persons, 
there need be no apparent legic to the 
system. It is only necessary that par- 
ticipants be capable of assigning each 
situation to its proper niche. Standard 
assignment of situations to their ap- 
propriate categories can be achieved 
through a variety of socialization and 
indoctrination procedures. 

Into the cells which are created by 
the intersection of columns and rows 
will be placed the designation of the 
special behavior which is enforced by 
the collectivity. Thus, if the collec- 
tivity is a symphony orchestra, the cell 
created by the intersection of the col- 
umn “first violinist” and the row “third 
bar, Brahms’ Lullaby” might carry in- 
structions to produce specific musical 
tones at a specific tempo. Not all cells 
will receive unique entries, and some 
cells may receive no entry at all be- 
cause no special behavior is required of 
a category of persons in the situation 
represented by a row in the matrix. 

In terms of this model, a role con- 
sists of all those behaviors which are in 
the cells of a single column of a com- 
plete matrix. In the case of a symphony 
orchestra, the role of each participant 
is ordinarily described in detail by the 
musical score and each musician will 
know his own role though he may have 
only a limited understanding of other 
persons’ roles. The role system is rep- 
resented by the entire matrix and in- 
cludes the role of each participant. It 
constitutes a system because the various 
roles are interlocked in a way which 
produces highly integrated collective ac- 
tion. The behaviors expected of one 
person supplement those expected of 
others. Often, as in the case of a°work 
group, the role of one participant can- 
not be enacted unless others are enact- 
ing their roles properly, and the inade- 
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quate performance of any one role may 
disrupt the entire system. 

It is the advantage of role systems 
that behavior synthesis has been incor- 
porated into the system itself, and that 
participants need not infer the strategies 
of their associates or improvise an effec- 
tive synthesis as they engage in collec- 
tive action. They need only to produce 
the behaviors which are situationally 
appropriate for members of their cate- 
gories. To be sure, other people and 
their behaviors will often be important 
elements in the situations to which the 
individual must respond. But this ordi- 
narily means only that each individual 
must take into account the overt be- 
havior of other categories of persons; 
it does not mean that he Must make in- 
ferences concerning the idiosyncratic in- 
tentions or preferences of unique indi- 
viduals, Although Participants may de- 
velop enduring expectations concerning 
the unique qualities of specific other 
individuals, these expectations are not 
part of the role system. Indeed, par- 
ticipants in a role System are often re- 
quired to ignore unique qualities and 
to treat one another as though each 
were a standard representative of a 
whole category. The individual who 
accurately projects himself into the 
unique psychological fields of others is 
likely to find it difficult to perform as 
a standard person or to treat others as 
such, And as Merton (15) has ob- 
served, any deviation from standard 
performance or standard treatment of 
others is likely to disrupt the whole 
role system. Consequently, those indi- 
viduals who deviate from standard prac- 
tice are likely to be ostracized. Given 
the existence of a role system, percep- 
tual accuracy which goes beyond that 
required for correct categorization of 
othefs may decrease group efficiency 


and reduce interpersonal competence. 
In this Connection it is instructive to 
recall th: 


at Hemphill (12) found that 
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members of large groups (30 or Er 
persons) tended to prefer leaders MA 
did not treat them as unique in 
viduals. i 
A large proportion of all colle 
action must be presumed to occur waa 
the framework of role systems Ve 
the intentions and preferences of an 
persons may be largely irrelevant ad- 
where the individual’s freedom i 
just to such intentions and preier a 
is, in any case, highly restricted. teams 
crews, office staffs, and surveying hic 
are probable examples of groups Ta is 
do have elaborate role systems. f such 
to be noted that investigations © ptain 
groups have generally failed to Sae 
a positive relationship between ‘iciency 
of social perception and group € A pos 
or interpersonal competence. is rep“ 
sible contradiction of this trend Í uads 
resented by the study of infantry Sting 
(10) in which accuracy in pre mem- 
the sociometric status of squad jency: 
bers correlated with group oa 
However, accuracy in pee e of 
status hierarchy is a particular ple o 
accuracy which may be a by-pro' ee 
efficient use of a role system. of 3 
may be expected, the efficiency to 
Squad is a function of the a sven 
which its members adhere to a a 
tem, then efficient squads will ct 
which demand that members 
specified roles, and deviat. ‘is 
Standard role performance will yi m 
a major reason for rejection ds pi 
bers. Members of efficient squa jction® 
then tend to make accurate pr a 
of one another’s positions in t ware? 
hierarchy because each will be “ded ee 
el tee Ai zi wie’ ds 
the major criterion which has g sqt”; 
creation of that hierarchy. I” ste : 
where adherence to the role fil p 
less highly stressed, efficiency Sa a, 
lower and members should ha oci? 
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S ascertained, it is probably unwise to 
i alah” study as a clear contradic- 
ion what appears to be a general 
ee the published reports of re- 
Sea ta this area are not sufficiently 
maA to permit categorical state- 
T > the reported findings seem to 
aL ort the contention that efficiency in 
a. which operate within the frame- 
of a role system is not increased 
ees understanding of others’ 
needed hee and intentions. What are 
which ere are controlled studies in 
enefit oe with and without the 
Y situ ae a role system are confronted 
tion. Tr tons requiring coordinated ac- 
the pro role systems do, in fact, have 
hoon described above, accuracy 
ave eaten understanding should 
tive ree onship (or perhaps a nega- 
Btoups lonship) to the efficiency of 
te Kalich have appropriate role sys- 
Sa Bae other hand, there should 
Perceptual lve relationship between the 
grou accuracy and the efficiency 
in Ps without role systems, assum- 


» O; z 
Vateg 4 curse, that members are moti- 
to cooperate? 


SuMMARY 


Th; 
sition ® Paper has examined two propo- 
Soja, .VBich maintain that accurate 
Crease tCePtion is responsible for in- 
Btoup e interpersonal competence and 
Sitiong p ency. Although such propo- 
siderable ne Provided a basis for con- 
ca resea, applied psychology,” empiri- 
Co erning p25 Sometimes raised doubts 
disco x § their validity. In order to 
Nader see of the limiting conditions 
toy et the propositions are likely 
tine 'd, it has been necessary to ex- 
On e conception of collective ac- 
This which they are based. 
€xamination has led to the fol- 


2 
lab The wri 
ri > 
tener’ ry a ìs at present conducting a 
9 Udy designed to test this con- 
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lowing conclusions. Accurate social per- 
ception should promote interpersonal 
competence and group efficiency if: 
(a) the group members are motivated 
to cooperate; (b) the accufately per- 
ceived qualities are relevant to the ac- 
tivities of the group; (c) members are 
free to alter their own behaviors in re- 
sponse to their perceptions of other 
members; and (d) the behavioral 
changes which are a consequence of ac- 
curate social perception are the kinds 
which produce a more thoroughly inte- 
grated dyadic system. Whenever any 
one or more of these conditions is not 
met, accurate social perception should 
fail to have the effect predicted by the 
two propositions which have been the 
major concern of this paper. 

It has been contended that much of 
our most highly integrated and efficient 
collective action must be presumed to 
occur within the framework provided by 
role systems. Whenever this is the case, 
individual participants are neither re- 
quired nor permitted to let their percep- 
tions of other people’s intentions or 
preferences affect their behavior. Ac- 
curacy of social perception is largely 
irrelevant in such situations because it 
can have little effect upon individuals’ 
behaviors. Indeed, if it does affect in- 
dividuals’ behaviors, it is likely to in- 
terfere with role enactment, and, hence, 
to disrupt the behavior synthesis which 
is provided by the role system. 
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an (10) has demonstrated that the 
a E family hierarchy and related prin- 
a may generate many hypotheses 
te oe behavior in relation to ob- 
the ee space such as might occur in 
ra TARE problem or simple kinds of 
thar behavior. He has thus shown 
E ae elementary laws of behavior 
en s applicable to behavior of non- 
ing U8 organisms in so-called reason- 
& situations. 
onst © purpose of this paper is to dem- 
rate that the principles formulated 
a and by Spence may also be 
Dle to the problem solving of 
Brent © humans. In this respect the 
with t analysis has much in common 
Cernin j Important formulations con- 
Proble mediated generalization and 
SOtiates Solving by Cofer and his as- 
Doop fae 3), Dollard and Miller (5), 
avior ‘ ), and Osgood (19). The be- 
as fol heory involved may be outlined 
effective e; Behavior is a function of 
n turn reaction potential (sĒr), which 
abit st is a multiplicative function of 
drive Tength (sHĦHp) and the effective 
tory ,t#te (D) minus the total inhibi- 
Sent otential (In). The latter repre- 
ort summation of reactive (Ir) 
àssumeg Oued (s7p) inhibition. Tt is 
State to here that the effective drive 
antici apresents the summation of the 
well | fry goal response (rg-sg) as 
e primary and secondary 
ative 3). Furthermore, the multi- 
respo A effect of the anticipatory goal 
„1S restricted to its associated 
Mstrumental responses. 


of this paper were presented in 
on “Future Trends in Problem 


The principal theoretical conception 
necessary for our account of problem 
solving is an extension of Hull’s spatial 
habit family hierarchy (9, 10). The 
great complexity of human thinking 
requires the formulation of what might 
be called compound temporal habit 
family hierarchies. In the spatial habit 
family hierarchy, alternative locomotor 
responses are elicited as a function, in 
part, of spatial and temporal distance 
from a goal. But in adult human prob- 
lem solving, responses in changing spa- 
tial relations to a goal are not usually 
elicited, although there are problems 
involving motor skills in which this 
may be the case. A typical perform- 
ance change in problem solving is in 
terms of verbal responses, and the 
change is solely a temporal one (4). 
Nevertheless, it is assumed that the 
principles operating in the spatial habit 
family hierarchy will to a large extent 
operate in the temporal hierarchy. Re- 
cent evidence in support of this as- 
sumption has been obtained by Rigby 
(21). 

The conception of a compound tem- 
poral habit family hierarchy is based 
upon the prior assumption that the ele- 
mentary laws of behavior derived from 
conditioning and applicable to trial- 
and-error and discrimination learning 
are also applicable, at least in part, to 
primary problem solving or reasoning, 
and thinking in general. That differ- 
ent kinds of behavior are observed in 
conditioning, trial-and-error, discrimi- j 
nation, and problem-solving sitųations 
is not to be denied. But these different 
behaviors need not necessarily involve 
fundamentally different laws. Different 
behavior, is observed in.these situations 
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because the initial conditions are differ- 
ent, and the situations represent vary- 
ing degrees of complexity in the sense 
of the number of different variables and 
principles Uperating in them. Never- 
theless, it is reasonable to assume that 
at least some of the elementary laws 
derived from conditioning will lead to 
the development of the composition 
laws operating in human problem solv- 
ing. 

ve Hull (10) has demonstrated, these 
elementary laws can account for many 
of the phenomena of simple trial-and- 
error learning. A hierarchy of re- 
sponses elicitable by a given stimulus, 
in which the correct response is rela- 
tively low in the hierarchy, character- 
izes this form of behavior, as shown in 
Fig. 1. Learning is said to be com- 
plete when the order of the response 
hierarchy has so changed that the cor- 
rect response is now dominant in the 
hierarchy. Hull has called this hier- 
archy of responses, elicitable by a given 
class of stimuli, the divergent mecha- 
nism (9). 

As Spence (22) and Hull (10) have 
demonstrated, the elementary laws of 
behavior derivable from conditioning 
situations can also account for many 
of the phenomena of simple discrimina- 
tion learning. A hierarchy of stimuli 
eliciting a given response in which the 
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Fic. 2. A convergent mechani 
ternative stimuli have varying ten 
elicit a given response. 


ism. The al- 
eS to 


correct cue is relatively low in the ia 
archy characterizes this form 4 art 
havior, as shown in Fig. 2. Such Fe ore 
ing is said to be complete when the 50 
der of the stimulus hierarchy. a iat 
changed that the correct cue 1S rchy 
nant. Hull has called this he e 
of stimuli eliciting a given respo”s 
convergent mechanism (9). d cor- 
A synthesis of the divergent 22 o the 
vergent mechanisms gives TIS€ in be 
habit family hierarchy involved A jects 
havior sequences in relation tO of this 
in space (9, 10). A hierarchy 
sort is shown in Fig. 3.? the €% 
As seen in this figure, Sa C ternal 
ternal stimulus) and Sp (4 yicitine 
drive stimulus) are capable of py and 
a given habit family hierar aa ive? 
equivalent responses leading t° 


5 
f yiatio” 
2There have been a few minor orn ta 
from Hull in the manner of diag" 
stimulus-response relationships aid o; 
simplify their presentation. Inst€” 
ing a dashed line between 
each response member of the d $ 
nism, a single dashed line leading © 
is used. All bracketed responses ober sso 
ated with the stimulus. The P nave al 
length of the response sequence’, stig- 
been reduced. A dashed line betw o 
lus and a response signifies 
tion, while a solid line betwe™’ e 
and the cue it produces indic 


_ learned association. 
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G. 3. A habit family hierarchy produced by a divergent and a convergent mechanism. 


0 
hieno ommon to all responses in the 
goal =, Is a fractional anticipatory 
ciated aR (780-Sga) which is asso- 
ternal so both the external and in- 
i urces of stimulation. Responses 
rectly pe archy may be elicited di- 
Stimuli Ze eer the external or internal 
orcement y both. The effects of re- 
Members f or extinction of individual 
ther a the hierarchy generalize to 
Bete through the mediating 
SPonse a of the anticipatory goal re- 
follows a its stimulus. It therefore 
ing ay + rn the principles of condition- 
Iso ap qal-and-error learning should 
© the ay at least in a general way, 
oF ex it family hierarchy. 
Ofithe ‘ample, if the reaction potential 
Soal i, correct response leading to a 
Reneralizey, in the hierarchy, then the 
the rep ed conditioned inhibition from 
incorree a failures of the dominant 
fective ; responses may reduce its ef- 
SPonge eae potential below the re- 
Boal wo shold. Attainment of the 
ditions never occur under the con- 
è high gacsent. Or, if the subject has 
mu Mae of an irrelevant need such 
ting e Y, aside from the possible inter- 
Dg r ae coming trom the compet- 
au oe aroused by this drive, fail- 
d adi ions ìn the goal under the above 
Unceg Would be even more pro- 
fon © Mult} he increased effective drive 
t the iplying the habit strengths 
Scie incorrect responses 
eak correct responses would 


increase the absolute difference in re- 
action potential between the two.* Such 
a condition would produce a greater 
amount of conditioned inhibition gener- 
ated through the repeated extinction of 
incorrect responses. This in turn would 
increase the probability of failure. 

Another way in which changes in the 
habit family may occur is through the 
arousal of the fractional anticipatory 
goal response (rga-Sga)- Its arousal 
may produce an immediate increase in 
effective reaction potential for the re- 
lated responses. This effect occurs 
because it presumably enters into a 
multiplicative relationship with habit 
strength in the determination of reac- 
tion potential. 

A synthesis of habit family hier- 
archies gives rise to the compound 
habit family hierarchy involved in hu- 
man problem solving. A hierarchy of 
this sort is shown in Fig. 4. It is 
formed when the stimulus of a diver- 
gent mechanism becomes a member of 


3 For illustrative purposes we may substi- 
tute numerical values in the formula for re- 
action potential (sEr=sH XD). The sHr 
value for the dominant incorrect response is 
5; the «Hn value for the weaker correct re- 
sponse is 2; drive has a value of 1. The ab- 
solute difference in reaction potential between 
the correct and incorrect responses is there- 
fore 3. If the drive state is increased to a 
value of 2, then the absolute difference be- 
tween responses becomes 6. A greater dif- 
ference in reaction potential must now be 
overcome before the correct response can be- 
come don:inant in the response hierarchy. 
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a convergent mechanism as well. By 
the same learning process, responses of 
the divergent mechanism in question 
become responses in convergent mecha- 
nisms. In the compound habit family 
hierarchy not only does S4 have the 
disposition for arousing its habit family 
hierarchy, but to varying degree the 
habit family hierarchies of Sẹ and So 
as well. There is a hierarchy of habit 
families elicitable by S4- An analogous 
condition holds. for the other.stimulus 


aly $ 
complexes, Sg and Sg. They have fof 
ing amounts of reaction Pole?” -mily 
the elicitation of the other hab! ell g? 
hierarchies. These relations 4 ted s 
the drive stimul have been ya er: Ve 
Fig. 4, in order to avoid confus? 
tails. 

When the compound pierre al 1 
formed, R,, for example, ° Dech? 
only a member of the diverge” a e 
nism elicitable by Sa, becomes “ ype! 
ber of a convergent mechanism: 
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Š now a hierarchy of stimuli, S4, Sp, 
tian differing amounts of effective 
oe potential for its elicitation. A 
Other . State of affairs exists for the 
iK — a members of a hierarchy, 
ane as for the anticipatory goal re- 
varyin®: The stimulus complex Sa has 
a a amounts of reaction potential 
N a elicitation of the anticipatory 
as its ee r8o-S8» and rg,-sg, as well 
a 1S ae anticipatory response. We 
DERW a hierarchy of habit family 
a S or a class of classes of stimu- 
general nse relationships.* Thinking in 
Bete! aS problem solving in par- 
0 Abit p may involve the selection 
the ey hierarchies as well as 
ence lon of specific response se- 
S within a hierarchy. 

bi i T of response classes or 
Principles. y hierarchies obeys the same 
t Ponses as the selection of individual 
t se ng the task of discovering 
© great] ples of problem solving may 
tived fy yY facilitated. The laws de- 
Useg om Conditioning could then be 
Comp account for changes in the 
“ecessari] lerarchy, without, of course, 
Maltz ä A excluding other principles. 
taineq ae his associates have ob- 
t mi experimental evidence in 
this assumption (16, 17, 

An E 
A oy ditional basis for such an as- 
Atrum 'S that the difference between 
4" conditioning and problem 


fa . his å 

mily hierar o ntation of the compound habit 
thing, it q7 {8 an oversimplification. For 
Member. 29t indicate that individual 
Serye r's of a habit family may po- 

my) for oth $ the anticipatory goal re- 
nd ER aspec er habit families. Also, the 
tion 20W the, ` Of the compound hierarchy, 
Thad De, ons related to concept forma- 
(7) 2 ep 


“Ories „p Puon, are not developed here. 
Wo Duncker Þroblem solving by Duncker 
Cnt as T Krechevsky (8) and by 
p terig ts > ^ though stemming from differ- 
abit pes iew, have a number of char- 

ami] 


common with th 
. e compound 
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solving in this respect may not be as 
great as it seems. In problem solving 
the members of a response class are 
qualitatively different—for example, dif- 
ferent verbal responses. Effects upon 
one member may influence other mem- 
bers through mediated generalization, 
as previously indicated. In instrumen- 
tal conditioning, changes in a response 
class, however, are also involved, be- 
cause precisely the same response may 
not occur on successive trials (10). 
There are differences in intensity and, 
perhaps, in quality in the successive 
bar-pressing responses in the Skinner 
box. Nevertheless the rate of bar press- 
ing increases with successive reinforce- 
ments. Learning occurs even though a 
given response is not precisely repeated, 
because a class of similar responses is 
reinforced as a result of simple stimu- 
lus and simple response generalization. 
The limits and the precise manner in 
which generalization occurs in the two 
situations are probably different. But 
because of its important theoretical im- 
plications for a theory of problem solv- 
ing, the similarity between the two 
situations in this respect should not be 
discounted. 

Changes in the order of dominance in 
the compound hierarchy may occur as 
a result of either or both of two effects. 
First, the effective reaction potential of 
the incorrect dominant habit families 
and their individual members may be 
decreased as the result of extinction. 
The initial response elicited in a given 
problem situation would tend to be the 
dominant response in a dominant habit 
hierarchy. If this response does not 
lead to a solution, as by definition it 
would not, it would receive an incre- 
ment in inhibitory potential, and re- 
sponses next in the order of domifiance 
would tend to occur. There would be 
temporary extinction and spontaneous 
recovery of these incorrect responses. 
Eventually, the inhibitory potential of 
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these responses would reduce their ef- 
fective reaction potential below that of 
the responses contained in the hier- 
archy next, in the order of dominance, 
and so on. Each response in the hier- 
archy need not be elicited and extin- 
guished, however, since mediated con- 
ditioned inhibition may generalize from 
one member of a hierarchy to another. 
The anticipatory goal response of this 
hierarchy presumably would also ac- 
quire inhibitory potential, thereby fur- 
ther reducing the effective reaction po- 
tential of the related class of responses. 

A second general way in which changes 
in the order of dominance in a com- 
pound hierarchy may occur is by in- 
creasing the effective reaction poten- 
tial of the habit family or families 
initially low in the hierarchy which 
contain the correct responses. One 
way in which this may come about is 
as a result of previous reinforcement of 
individual members of the hierarchy in 
that situation. Through mediated gen- 
eralization all members of the hier- 
archy would receive an increment in re- 
action potential. 

Another way in which a habit family 
may be raised in the compound hier- 
archy is through the arousal of the an- 
ticipatory response of the habit family. 
Elicitation of the anticipatory goal re- 
sponse produces an immediate increase 
in effective reaction potential for the 
related class of responses, for the rea- 
son previously mentioned (15). The 
antecedent condition for the anticipa- 
tory goal response is assumed to be 
commerce with a goal or a substitute, 
often symbolic, for the goal. In adult 
human problem solving the latter is the 
typical condition. Recent research indi- 
cates that verbal instructions given by 
the experimenter provide an important 
condition determining the arousal of 
the anticipatory response (2, 15). The 
consequent condition cf its arousal is 
an increased probability of nccurrence 
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of responses instrumental in attaining 
the goal in question. 

These dieat ways in which ae 
in the compound habit family iets 
may occur are related to the differ 
kinds of problem solving disting s 
by certain writers. As Hull (10) aan 
pointed out, any learning, situa A 
other than classical conditioning Er 
volves problem solving of somè a f 
The essential characteristics of & P" aa 
lem-solving situation are that eats 
ganism is motivated, and that af ing 
ment of some goal object satis Tas 
that drive is dependent upon the ie 
ism’s performing in a given ™ ving 
It is characteristic of problem nie 0 
that the appropriate response lea iate 
goal attainment does not e e: in 
occur. This is true to some CN" | 2 
instrumental conditioning, 2%” garn- 
greater extent in trial-and-erre peen 
ing and in what has traditionally 
called problem solving. different 

Further distinctions between 166 
kinds of problem solving have 4 ated 
made. Maier (13, 14) has teP inc 
distinguished between difrersaah 
tions responsible for problem ving 
and has classified problem ae The 
either productive or reproductiy ing © 
latter kind of thinking accor previ, 
Maier involves the application ich 1f 
ously acquired experiences Ta situn 
to a correct solution in 4 Phased Pa 
tion. It is problem solving equiv 
the transfer of training, OT °" oy os 
stimuli. Productive thinking 5 of the 
other hand is the consequent ted es 
integration of previously U% produ 
periences. The integration k) Futsid 
by a direction which is a” ie? 
force not itself a habit. f proP es 

The present treatment Sa ma v 
solving, as previously indica ion J nt’ 
use of the concept of the frac’ fu 
ticipatory goal response- e ant 
tional characteristics of 
tory goal response appear 
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a logne of Maier’s concept of a 
a Section. However, among other 
sa ve do not accept Maier’s re- 
BE. that only productive thinking 
lai. A mae combination of previously 
rnin abit segments, to use Hull’s 
è Aina To some extent this is 
iat Inguishing characteristic of all 
Off fro rE _It is the feature that sets it 
error Te Simple retention, and trial-and- 
involve arning. All forms of thinking 
ence ¢ mediated generalization, and 
lated h Ompounding of previously iso- 
abit segments. 

e ma neless, there are differences 
thinkin reproductive and productive 
ductive ihi Situations eliciting repro- 
entation one often involve the pres- 
a “ane a succession of problems. 
elicitart of each of these requires 

a ae of different response 
Achy, ath the same habit family hier- 
Come ‘ania habit family will then be- 
atch inant in the compound hier- 
Its reg as the result of reinforcement of 
tion Roe members and the extinc- 
habit p cSPonses belonging to different 
Cate, amilies, As previously indi- 
Of the at crease in reaction potential 
esult seo class of responses as the 
Members forcement of individual 
of medi Would occur as a consequence 
am le, aed generalization. For ex- 
Krams pia given a series of ana- 
ame o Se solutions all belong to the 
an dency ae will have a greater 
suet @ms ne Success on subsequent 
(agects with, the same category than 
be ). Hon oUt such prior experience 
Oblem, vever, failure on individual 
tig i Ey occur because a solution 
cae res ent upon -election of, par- 
Mily, “Ponses within this one habit 


Ree € of reproductive think- 
Qe is Ons where only a single 
Ne, £ fe ted is also the conse- 
e factors outlined. As a 
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habit family in the compound hierarchy 
contains the correct response. Solu- 
tion of the given problem depends upon 
extinction of the initially dominant in- 
correct responses within this one hier- 
archy. 

In productive thinking, on the other 
hand, a habit family initially low in 
the compound hierarchy must become 
dominant before a correct solution can 
be attained. This occurs as the result 
of the extinction of the dominant in- 
correct response hierarchies. Once the 
appropriate habit family is dominant 
a solution will occur, provided that the 
correct responses within that hierarchy 
in turn become dominant. The proto- 
cols of subjects in Duncker’s radiation 
problem exemplify this mode of think- 
ing (7). 

If a subject incorrectly anticipates 
the goal or solution to the problem— 
e.g., “destroy the tumor by means of 
rays sent over a path as free as pos- 
sible from healthy tissue’—the pro- 
posed solutions are alternative responses 
within the same dominant habit family, 
and are all attempts to achieve this 
end. Repeated failure of these pro- 
posals will produce extinction of the 
anticipatory goal response and its re- 
lated instrumental responses. As a 
consequence, another habit family may 
become dominant. The subject will 
now anticipate a different kind of solu- 
tion, such as “reduce the intensity of 
radiation.” As a result, all potential 
response sequences in the subject’s 
habit family leading to this goal are 
facilitated. If the correct solution 
(converging rays from different an- 
gles) is not the dominant response in 
this hierarchy, extinction of incorrect 
responses must occur before the solu- 
tion will be attained. a 

In an actual protocol this orderly 
progression from one habit family to 
another is probably an infrequent oc- 
currence. , The more typical case would 
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be one in which the reaction potentials 
of two or more habit families overlap. 
This would probably be the case after 
the first few responses from the domi- 
nant hierafchy have been extinguished. 
Thus reproductive and productive think- 
ing differ with respect to the kinds of 
changes which must occur in the com- 
pound hierarchy before a correct solu- 
tion can be attained. In reproductive 
thinking the habit families containing 
the correct responses are dominant at 
the outset of the problem, as the result 
of training and generalization from 
other situations. Or they rapidly be- 
come dominant in the compound hier- 
archy through the reinforcement of in- 
dividual response members of the habit 
family. In productive thinking the 
habit families containing the correct re- 
sponses are initially low in the com- 
pound hierarchy. They become domi- 
nant following the extinction of the 
dominant habit families which lead to 
incorrect solutions. 

Experiments on the effects of direc- 
tion in the pendulum problem by Maier 
(12) and by Weaver and Madden (24) 
are a special case of productive think- 
ing, in that instructions and demonstra- 
tions are employed to increase the re- 
action potential of the anticipatory goal 
response and individual response mem- 
bers of the habit families leading to a 
correct solution. The problem is to 
construct two pendulums which would 
make chalk marks on two different 
places on the floor. In Maier’s experi- 
ment (12) one group of subjects was 
given only the statement of the prob- 
lem. Other groups received the state- 
ment of the problem plus various ad- 
ditional instructions or demonstrations. 
One of these groups was given three 
different demonstrations of operations 
on the material which were necessary 
for solution of the problem. They 
were shown how to make a plumb line, 
how to combine poles by using a clamp, 
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and how to wedge poles against a Sur 
face. A third group was given ee. 
demonstrations and told that they mus 
combine them for a solution of a 
problem. A fourth group was told Fie 
it would be advantageous if the Oe 
lum could hang from the ceiling. T 
were given a “direction.” The aa 
group received the demonstrations i 
the direction. All of the problem 59° 
tions except one occurred in this 

group. 7 
According to the present formulati? 


that } 
t ane the 


elicit an anticipatory response 

goal. A wide variety of equiv 

sponses instrumental in leading ediaté 
goal therefore received an imme, w- 
increment in reaction potential. 1, cet- 
ever, for a correct solution to ot ; 
tain specific responses must be t t 
The three demonstrations give” 

group increased the tendency, S pee 
responses to occur within their pe i 
tive habit family hierarchies. def 
creased frequency of solution the 
these conditions would follow poten” 
differential increase in so w 
tial of the relevant responses a 

lawful nature of trial and a 

ing. However, since a large hierar 
responses belong to a given $ cyll 20 
and the correct responses mayia of E 
be dominant, extensive extincto" e th! 
correct responses must oun 
correct responses are very 1° 
dominant hierarchy, a solutio” 
occur at all because of ther 
generalization of the effects sese j5 
tion of the incorrect respo” grok io 
other basis for failure in nae i 
that despite the instructions tory, g 
arouse the appropriate anon aed y 
response, some subjects, Pre 5, le 
the result of self-instruction™ 
different anticipatory 802 ta 
These are the subjects tha 
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appropriate approach to the problem, 
according to Maier. 
oe 2 and 3, which are not given 
aa ena instructions but receive 
hes emonstrations, also have an in- 
aa in reaction potential for the 
a ai eae Sequences necessary for 
Re lon. However, the anticipatory 
a and the related class of 
ae necessary to suspend the pen- 
ia a rom the ceiling are not increased 
i ength, which is presumably why 
len, SUDiects failed to solve the prob- 
However, contrary to Maier, 
iire and Madden (24) found no 
groups E between the performance of 
> 3 and 5, 
cit experiment implies that the ap- 
iy 
peste habit family for suspending 
elicite d plone from the ceiling may be 
increase y self-instructions, or that the 
ecessay ìn habit strength of the three 
y a, response sequences by itself 
Problem uffcient for the solution of the 
there S in some individuals. Why 
as this discrepancy between the 


two 
Studi = 
arent S however, is not at all ap- 


Weaver 


the ag Bhout the previous discussion 
the aaa and theoretical status of 
implied cept of thinking has only been 
e & li e shall now try to make it 
ent ae icit, According to the pres- 
€matic position, thinking is a 
concept or hypothetical vari- 
to = SPecific definition that is 
and will it is the problem of theory, 
Kei Rie discussed presently. Now 
Weng, explore further the conse- 
patus of Ee the assumed systematic 
ag ing i e concept. For one thing, 
K herwise S not a response, verbal or 
o Onse, n a as learning is not a re- 
i th Peratur Just as electricity is not the 
arc’ are e of a conductor. All of 
© gi dispositional concepts that 
x er pirical meaning by state- 
Bene to their antecedent as 
Consequent conditions (1). 
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They are not equivalent to their mani- 
festations or consequent conditions. The 
insistence that thinking is a verbal re- 
sponse, a contraction of certain muscles, 
or activity in the central nervous sys- 
tem, is thus based on an inappropriate 
use of language. The verbal response, 
for example, is just one of several dif- 
ferent kinds of responses that may be 
taken as a criterion or manifestation of 
thinking. Other response criteria might 
be gestures, mimicry, motor skills, etc. 
Questions as to which ones may be 
taken as criteria, and under which con- 
ditions, as well as how they are related 
to thinking, are to be answered by ex- 
periments and theory. 

The present systematic position with 
respect to the relationship between 
thinking and verbal responses (the most 
frequently used criterion of thinking) 
may be made clearer by using the anal- 
ogy of bar pressing in the Skinner 
box. The assumptions here are analo- 
gous to the assumption that bar press- 
ing is a function of other variables be- 
sides learning. If a bar depression 
does not occur, it need not necessarily 
imply the absence of learning. The 
rat’s motivation may have been re- 
duced to a minimum; there may be 
temporary extinction of the response, 
or inhibition due to the arousal of com- 
peting responses by extraneous stimuli, 
etc. Similarly, the absence of a verbal 
or some other kind of response does not 
necessarily mean the absence of think- 
ing. It may be due to the absence of 
effective reaction potential for that par- 
ticular response; perhaps the relevant 
motivation is absent; or other response 
tendencies inhibit its appearance, etc. 
On the other hand, the presence of 
bar pressing does not necessarily imply — 
that learning has occurred. It may be 
an operant level, some unconditioned 
response strength—in Hull’s terminol- 
ogy, sUr- Likewise, verbal responses 
may occvr in the absenze of thinking. 
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One aspect of this condition will be dis- 
cussed shortly. 

In the foregoing we have tried to ex- 
plicate the.systematic status of the con- 
cept of thinking. We shall now turn 
to the more specific problem of how it 
may be treated within the framework 
of Hull’s theory of behavior. 

Since it is assumed that thinking as 

. well as learning is a disposition or hy- 
pothetical variable, the problem now is 
to distinguish between the two con- 
cepts. If the two are defined in terms 
of the same operations and conse- 
quences, they have the same empirical 
meaning and the distinction is purely a 
verbal one. As commonly employed, 
the term learning refers to the acquisi- 
tion of a hypothetical state, sHp, as a 
result of antecedent conditions such as 
the number of reinforcements. The 
consequent conditions are changes in 
some response criteria such as de- 
creased latency, increased rate of re- 
sponding, etc. 

The term thinking as it is employed 
here refers to the utilization of new 
combinations of habit strength by ar- 
ticulate organisms. In other words, we 
assume that thinking is equivalent to a 
complex form of effective habit strength 
which is produced by mediated gener- 
alization. The reason for arbitrarily re- 
stricting the usage of “thinking” to hu- 
mans is the belief that extensive medi- 
ated generalization is necessary for the 
recombination of habit strengths to oc- 
cur, and complex mediated generaliza- 
tion of this sort is made possible pri- 
marily by linguistic responses. 

We have stated that thinking involves 
the utilization of learning in new com- 
binations, as distinguished from the 
acquisition of learning. A further prob- 
lem ‘is to distinguish between thinking 
and retention, since the latter also in- 
volves the utilization of habit strength. 

The distinction is not always easy to 
make, and at times may be-arbitrary. 
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But so is the commonly accepted dis- 
tinction between learning and retention 
(11). As previously noted, learning 1® 
fers to the acquisition of a hypothetic 

state as a function of the number © 


reinforcements. Retention is 4 “n 
referring to the persistence and aan 


quent manifestation of that hypo t 
cal state. In a learning experimeT 
performance on trials after the first i 
a function of the persistence of Bes 
ous learning, or retention, from eat y 
trials. Only on the first trial is no 
ing more than the acquisition of me 
strength involved. This entire proc zh 
however, is called learning ‘even arti: 
much of it is actually retention. deter- 
the subject has reached some Pre“ ti- 
mined criterion, he is required to ths 
lize in some manner the habit streng m 
previously acquired. He is aske wen 
call the material previously le4 ae 
recognize, or relearn it, etc. J” ri 2 
case the responses originally acd This 
are elicited again to some extent. tilize 
implies that the habit strengths tially 
in the test of retention are substa" red: 
the same as that originally ay di- 
Retention has as its consequent = ely 
tion the elicitation of some PY?" ye- 
acquired response, presumably usly 4° 
sult of the persistence of preViO'™ i ink 
quired habit strength. The erin tbe 
ing has as its consequent conditio phe 
elicitation of a response other 5 3 
previously acquired response # 
sult of past learning. abi re 
previously acquired has ente 
new compounds, has change S 
sult of mediated generalization: ; be 
A fundamental problem | ring js t 
havioristic psycnology of thin. them 
a rning 0 
determine the laws govem ions 0) 
combinations and recombine ns d y 
habit strengths. Hull’s equa in Bs 
for combining habit strengt io, 
eralization and compoune — of ey 
situations are approximations o” 


at 
composition laws. But they 
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first approximations, because the gen- 
eralization and compounding of habit 
pecretns occurring in thinking are un- 
ey a good deal more complex 
ae those that Hull has treated. A 
ie Problem in this respect would be 
a evelopment of the laws of medi- 
prod generalization which, theoretically, 
Math the new compounds of habit 
aan » and empirically, produce the 
aa ion of new stimulus-response 
ae It is likely that the close con- 
Re on between language and thinking 
en even their equating) in certain 
a es results from the fact that lan- 

ge permits the greatest degree of 


Medj aia 
ediated generalization and therefore 


inking, 

Admittedly the theory of thinking 
ios ee solving outlined here is 

cee formulated and incomplete. 
at it eless, it at least has the merit 

S relates human problem solving 
Men or in simpler situations. It is 
tinguishe to integrate the two, as dis- 
Proach ed from the usual gestalt ap- 
divorced. hich treats problem solving as 
ber of from the relatively large num- 
ditionin principles derived from con- 
Although and trial-and-error learning. 
tived re many of the principles de- 
tirely oe conditioning may not en- 
this “i, Pply to human problem solving, 
Worth p tainly an empirical question 
these  nVestigating. At the very least, 
hyp „Principles should yield significant 
ing eses as to the factors determin- 
Problem solving. 


an 


SUMMARY 


A 
has pry of human problem solving 
Cept C2 Outlined, based upon the con- 


fami}, ,.2 compound temporal habit 
function lerarchy, which is assumed to 
the,» at least in part, according to 


And eels of conditioning and trial- 
teristi-. learning. Some of the char- 
Were ae of the compound hierarchy 
Oted, and its role in different 
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kinds of problem-solving situations was 
indicated. 

The systematic status of thinking 
from a behavioristic point of view was 
described as a disposition ot hypotheti- 
cal state of the organism. Within the 
present theory it is equivalent to a new 
combination of habit strengths pro- 
duced, primarily, by mediated gener- 
alization. 
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ically the most prominent features 
ian group of discrimination per- 
a nce data are (a) the extensive 
any. ees in performance level of 
amon ubject and (b) the differences 
tine, subjects in the total number of 
Specifieg trials _Tequired to attain a 
Psychol Criterion performance level. 
cee have devised several 
ei designed to minimize these 
a aes and thereby to display 
‘pa eae function designated a 
tion ah curve.” The derived func- 
“curve cd often thought to be a 
tion ee learning.” Such a manipula- 
to den Ms implicitly to ignore, or even 
all ne the tenet in psychology that 
ognize vior is determined, and to rec- 
Mindanao behaviors as “chance or 
much after the manner of 


rist 
Bae The psychologist, as a be- 
Over al scientist, ought not to slur 


rather a inconsistency in behavior, but 
his thi eo deal with the problem in 
attem nking and his theorizing. One 
tendereq s face up to the problem is 
. In 1939 ere without further apology. 
ng Lash] » Krechevsky (2, 3), extend- 
tions» //°9'S notion of “attempted solu- 
Îscrimin ), endeavored to account for 
Pothese ation learning in terms of “hy- 
The p S during the presolution period. 
that asic supposition of the notion is 
the te long as no hypothesis involves 
arẹ „ Tential cue st‘muli, associations 
formed to these cue stimuli, and 
e discrimination problem is not 
ie Errors following solution of the 
. are irrelevant to the formation 
Wately association, and are not ade- 
ce, Sccounted for in this system. 

> On the other hand, believed 


that discrimination learning could be 
handled in terms of trial and error 
learning theory, and in 1936 (7) pub- 
lished a theoretical formulation based 
upon the principles of reinforcement 
and nonreinforcement of discriminably 
different stimuli, making learning a 
continuous process. Hypothetical gen- 
eralization curves were presented (9) 
which showed performance at any time 
during training as a function of the 
interplay of excitatory and inhibitory 
tendencies with respect to the cue 
stimuli. It was made explicit that 
weakening, or inhibition, follows non- 
reinforcement only when the stimulus 
already has a certain minimum excita- 
tory strength (8). The notion does 
not adequately explain the magnitude 
of the variability seen in discrimina- 
tion performance data, for it predicts 
relatively uniform increments in per- 
formance level during successive train- 
ing periods. 


Two ASSUMPTIONS 


Because of the writer’s bias toward 
a continuity theory, an attempt will be 
made to extend this type of formula- 
tion to account for both the wide vari- 
ability in performance from one train- 
ing session to the next and the differ- 
ences in rate of acquisition, and also to 
account for the character and extent of 
transfer of an acquired visual figure 
discrimination to variations from the 
training figures. The idea was devel“ 
oped during a discrimination study with 
pigeons (10), but tentatively will be 
treated as though descriptive of mam- 
malian behavior as well. Two assump- 
tions are necessary tothe formulation, 
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one seeming axiomatic and the other 
being less obvious and having no direct 
experimental support. The first as- 
sumption is that any visual figure may 
be perceived in several different ways, 
i.e., a visual figure has several aspects 
to which an organism may learn to re- 
act. Secondly, it is assumed that the 
organism does not perceive the same 
visual figure in the same way on all 
trials or training sessions, i.e., the or- 
ganism does not always react to the 
same aspect of the stimulus from one 
trial or training session to the next. 
The term “aspect,” as used above, 
requires some discussion. Aspect will 
connote a unitary and organized per- 
ception involving a portion or property 
of a visual figure as “figure.” Aspect 
will denote that portion or property of 
a visual figure which is necessary and 
sufficient for a differential conditioned 
response by a particular organism, 
when confronted with that portion or 
property alone or in conjunction with 
one or more additional visual figures or 
portions or properties of them. Thus 
if, after a positive response to a tri- 
angle and avoidance of a square were 
established, a line of the same length 
and orientation as the base of the tri- 
angle evoked a positive response when 
appearing alone or with the square, or 
any other figure, and would not evoke 
a positive response when its length or 
orientation was altered, then that line 
in that orientation would be an aspect. 
Similarly, any other part of the tri- 
angle, e.g, an angularity property, 
which evoked a positive response when 
presented alone would be an aspect. 
Aspects are additive, divisible, or re- 
ducible for any organism; they need 
not be absolute properties, but may 
also be relative properties among fig- 
ures. It must be pointed out that 
these aspects, in contrast with Hullian 
elements, are not necessarily the units 
which a physicist may find, but are 
momentarily unitary with respect to the 


A. L. Towr 


perceiving and reacting organism. In 
short, there are certain absolute prope! 
ties in any visual figure and certain 
relative properties among visual figures 
to which an animal could learn to 1°- 
spond, which will then be called as- 
pects or stimulus aspects. Hebb (1, P- 
105) has developed a notion very nu 
the same as this in his schema. _ 
If an animal perceives a portion 
property of both the positive and f 
negative figures in the same way, h 
ambiguous aspect emerges. Those iba 
tions or properties of the figures 81V" Be 
rise to the same perceptual respons 
may or may not be physically iden 
If they are not identical in the PBY°” 
cal sense, the animal may at some ). 
ture time differentiate them (9) w” 


aspect of the negative figure may pat 
acquire an inhibitory tendency: |- „t 
is, when an excitatory value 
tached to an ambiguous aspect © gjf- 
is subsequently perceived as Oe eal 
ferent aspects, an inhibitory teP°" cf 
may be built up to the new asp 

the negative figure (after Spence ove’ 
performance will then show iMP 
ment of a step-wise nature. 


SOME PREDICTIONS 


Because the mere germ of the edie 
has been sketched here, a few Fr jdate 
tions deriving from it might ©": iow 
the theory. Several relations 
from the above formulation. e jevel 

1. As the criterion performan” gunt 
for initial learning is raised, the, areas? 
of transfer to new figures will 7 whic” 
The variety of visual figures t° ne 
an animal responds, as egui vies de- 
the original positive training 18 ve and 
pends upon the number of pos!4Y) pas 
negative aspects that the ama Jong“ 


acquired during training. Nie trairi 8 
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transfer will be more extensive with 
Be amounts of training. 
i aa training progresses, the ratio of 
chanze to avoidance responses will 
ine “ie In the initial stages of learn- 
ence i no transfer from prior experi- 
3 ae involved, all responses should 
aaa in nature. As training pro- 
Eio 5 and ambiguous aspects are split 
i aA aah and negative aspects, there 
sponse e an increasing number of re- 
of EN directed largely by avoidance 
ance eee aspects. This visual avoid- 
the prob nae aspects will increase 
spond t ability that the animal will re- 
gure. an positive aspect of the other 
stimulu It is believed that the negative 
the aan aspect does not itself result in 
the tioned behavior of responding 
aWrenc other” figure. The work of 
Mechanis (6) also hints at this sort of 
of the ra The portion or property 
inhibitor gure which has no associated 
Visual ne value will not direct the 
tom {oP loration of the animal away 
Should 5 Negative” figure, and thus 
Play no role in transfer behavior. 
e amount of training required 
n a specified criterion will vary 
© complexity of the figures em- 
ery simple figures have rela- 
Perceived. Potential aspects, i.e., will be 
Whe In a limited number of ways. 
forman ew aspects are involved, per- 
If R should improve quite rapidly. 
ent x of “shopping about” is inde- 
ae figural complexity, then the 
tain a mber of trials required to at- 
erence tain performance. level will 
of ays with increases in the number 
the ae animal perceives parts of 


to attaj 
. a 
With th 
Ployeg 
tive] 


responte ratio of adient to avoidance 
pie ig will vary with the complexity 
*Ponses figures used. Avoidance re- 
Btossty, Will be least for simple and 
Tease different figures, and will in- 
Of the a> the complexity and similarity 
Probari S increases (increasing the 

ity that ambiguous aspects will 
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develop). Changes in the ratio of am- 
biguous to positive and negative as- 
pects have significance for the problem 
of experimental neurosis. 

This kind of formulation can be ex- 
tended outside the realm of visual fig- 
ures to account for the form of the 
generalization gradient and such phe- 
nomena, but will not be attempted here. 
It should be pointed out that different 
species will probably display various 
degrees of the tendency to “go shop- 
ping”; the extent of transfer to altered 
figures will be related to this tendency. 
Whether or not a particular figure is re- 
sponded to positively depends upon 
how that figure or a part of it is per- 
ceived at the moment. 
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ELICITATION THEORY: I. AN ANALYSIS OF TWO 
TYPICAL LEARNING SITUATIONS 


M. RAY DENNY AND HARVEY M. ADELMAN 
Michigan State College 


The present paper will be concerned 
with an acquisition hypothesis and one 
or two other elicitation principles which 
constitute part of a general theory of be- 
havior now under development. How- 
ever, there will be no attempt to pre- 
sent the theory here in a formal or 
definitive manner. Our purpose is to 
indicate the operation of the theory by 
applying it in the analysis of two types 
of instrumental learning, namely, in a 
conventional T maze and in a Skinner 
box. Simple approach learning in a 
runway will not be discussed because its 
explanation can be interpolated from 
the analysis of the more complex situa- 
tions. 


THE Acquisition HYPOTHESIS 


The acquisition hypothesis, which has 
its roots in both Guthrie’s contiguity 
principle and Hull’s reinforcement prin- 
ciple, may be stated as follows: (a) The 
stimulus complex (S) which closely pre- 
cedes in time any response elicited by 
any stimulus (S,) acquires the property 
to elicit this response. (b) With each 
elicitation there results an increment to 
the tendency of the stimulus complex 
(S) to elicit this response. (c) The 
S-R association will not ordinarily be 
évident in behavior unless the response 
is consistently elicited in the given 
stimulus situation (S + Se). Thus, for 
all practical purposes, learning occurs 
only when a response is prepotent over 


1The present theory in many respects is 
parallel “to a theory under development by 
Maatsch (14) in the same laboratory. It has 
similarities to ideas currently being expressed 
by Nissen (16, 17), and by Sheffield and 
others (20, 21). 


a series of trials or over an extended pê- 
riod of time. a By 

Two terms require explication. is 
elicitation is meant that the respons® s- 
evoked in some manner which nea 
sarily involves the afferent nervous SY s 
tem. We use consistently to rele 
whether or not the response is elici t 
each time the stimulus (S) is presta 
The more often R is elicited’ each i 
S is present, the more consistent 
elicitation. 

In other words we are 
that the essential condition f0 
strengthening of one response te? 
over and above another response 
ency is the consistent elicitation ° 
response in question. For examp'® srj- 
US of a classical conditioning Here, 
ment typifies a consistent elicitor. - 
it is appropriate to point out t al not 
ditioning of a specified response 1 a 
occur until all irrelevant elicitors igy’s 
been eliminated. For example, a they 
dogs could not be conditioned Dor x 
were habituated to the total exper oy. 
tal situation, that is, not until the situa 
tral” stimuli in the conditioning ~ ty 
tion had lost their eliciting PYM ion 
through a process of stimulus 54 
or adaptation (7, 9).? d 


PER fa 
elicitatio” sy 


postulating 
r 

dency 
tend- 


2?The principle of sensory 
adaptation is fundamental in the poa that 
tem. This principle refers to gen liciti”é 
though all stimuli have some initial rta 
Property most of them soon lose oF a 
lose this property through continue’ g 
peated presentation. The stimuli mentor 
ant to adaptation are the common *5 0-08 
agents (food, water, shock, et¢-): f sti 
neutral stimuli constitute the class °” 
which commonly evoke investigatory g, 
tory, and manipulatory responses He al © 
Such responses fall into the more 8° 
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ook S 
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a example of a consistent elici- 
eli ound in an instrumental learn- 
cS a uation is familiar food for a hun- 
al Te or water for a thirsty ani- 
ant i this case the approach to the 
rhe ject and the consummatory re- 
elicit] are the responses consistently 
SoN Since in a maze these re- 
cae are usually the only ones con- 
which y elicited, they are the ones 
ea are conditioned to the cues of the 
area, 

ssi gus. stimulation is also a con- 
S i icitor and produces learning of 
stimu S elicited to the contiguous 
» €.8.. escape, fear, and avoidance. 


D 5 
erived or Secondary Elicitation 


ee semaine at least one more im- 
a beha. class of eliciting agents. Once 
lishe mer sequence has been estab- 
no longer tea degree and the response 
n0 longe eads to the goal object or is 
there e er followed by the US, then 
tion o -tS a condition for the elicita- 
Sponges. pew, class of characteristic re- 
that no This is to say, for example, 
ter er ere or frustration, either 
Cliciting oc momentary, constitutes an 
hh expe (reinforcing) state of affairs.* 
'S cus Rees involving nonreward it 
Stic y ey to observe the character- 
Ponse of recoil after entering a 


Po 


to imme ach behavior. With the pas- 
Op. cicit p all stimuli recover their capacity 
ine resule POMS: approach or otherwise. 
a avion this phenomenon is variability 
Th this „8° SPontaneous alternation. 
Connection it should be noted that 
ard (3) have demonstrated the 
a pee and Amsel and 
ave demonstrated the eliciting 
teint (a) pretties of frustration. In addition, 
ced on shown that as few as 12 trials 
i e same side as the rat’s origi- 
abit will facilitate the learning 
ite black-white discrimination. 
tq Position. shift from consistent reward 
ateg me's Up s Tesponse to 50 per cent re- 
sitig, h arni econdary elicitation and medi- 
ìng of avoidance reaction to po- 


Pro: ‘ 
Usse] Petties 


e le 
nal Cues, 
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cul or negative end box, and of at- 
tempting to escape the place where re- 
ward was previously obtained (5). Since 
the omission of a goal object consist- 
ently elicits avoidant-typé responses, 
and since the elicitation of these char- 
acteristic responses constitutes an in- 
stance of reinforcement,* the cues as- 
sociated with nonreward acquire the 
property to elicit avoidance. With con- 
tinued strengthening these avoidant re- 
sponses compete with the original re- 
sponse and extinction of the approach 
response results. 

We also postulate that the omission 
of noxious stimuli will elicit responses 
antagonistic to the original response. 
In general the responses which arise 
through the withdrawal of noxious 
stimuli belong to a class of “relaxa- 
tional” or approach responses. Consist- 
ently elicited relaxational-approach-type 
responses are therefore conditioned to 
stimuli associated with the withdrawal 
of a noxious stimulus, and with con- 
tinued strengthening compete with the 
original response and produce extinc- 
tion. Experimental evidence in support 
of this notion may be found in two re- 
cent studies (4, 22). In a subsequent 
paper we hope to show that the elicit- 
ing property, rather than the “drive re- 
ducing” property, of the cessation or 
omission of shock is the sine qua non of 
typical instrumental-avoidance learning. 

In summary, secondary elicitation, 
ie., the eliciting of response by the 
omission of the US in a previously es- 
tablished behavior sequence, constitutes © 
an instance of reinforcement just as the 
elicitation of any other response by an 


4 Reinforcement in the present context does 
o the strengthening of a closely „ 
preceding response in the Hullian or Thorn- 
dikian sense. Reinforcement occurs simul- 
taneously with the eliciting of the response, 
that is, it és the eliciting of a response. In 
similar fashion, a secondary reinforcing stimu- 
Jus is simply a discriminative stimulus or con- 
ditioned elicitor. a 


not refer t 
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US constitutes an instance of reinforce- 
ment.ë 


APPLICATION 


Since thé present position posits that 
all learning is fundamentally classical 
conditioning,® the task is to explain all 


5 This means that the laws of acquisition 
apply to extinction as well as to original 
learning. The only difference is with respect 
to the eliciting agent and how it functions. 
Thus it is quite possible that certain condi- 
tions which favor original learning may not 
at all favor the learning which takes place 
during extinction, and vice versa (1). The 
net result is to conceive of extinction as an 
interference phenomenon. The response tend- 
ency established during extinction (on the ba- 
sis of secondary elicitation) competes with the 
response tendency of acquisition and even- 
tually predominates, at least temporarily. 

Discrimination is also involved. Any al- 
teration of the stimulus conditions when shift- 
ing from acquisition to extinction, as in terms 
of spaced vs. massed trials, will facilitate the 
extinction process. If, as is typical, acqui- 
sition is spaced and extinction is massed, the 
introduction of a rest interval will tend to re- 
instate the “spacing” cues of acquisition and 
remove the “massing” cues of extinction. The 
net result is “spontaneous recovery.” 

In this interference theory of extinction 
there is no gradual unhooking of responses, 
as in Guthrie, and there is no weakening of 
the original response tendency by “non-rein- 
forcement.” It is simply that for similar 
stimulus situations there are two or more com- 
peting response tendencies. 

6 It should be made clear that in consider- 
ing all learning to be a matter of classical 
conditioning we are not drawing a strict 
parallel between conventional CR experiments 
and simple approach or avoidance CR’s es- 
tablished during instrumental learning. The 


. conditioning of an eyelid CR, for example, 


involves considerable discrimination learning 
in terms of specifying the CR to the mo- 
mentary CS and not to the stimulus complex 
in general. Since typical CR experiments 
necessarily involve discrimination (18), S 


, Must learn to make some response other than 


the CR when the US is omitted between 
trials. If secondary elicitation is minimal or 
weak, ås would be the case during the omis- 
sion of a puff of air to the cornea, or a blow 
on the patellar tendon, or a bright light to 
the pupil, then many typical CR’s should be 
difficult to set up. Furthermore, in many 
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instrumental learning within this i 
work. To this end we will analyze, r 
typical instrumental learning situations: 


Learning the T Maze 


Let us assume that we are attempt 
ing to train a group of rats to = 
(right) into arm A of a conveñti ai 
T maze where the extra-maze ate 
are discriminative. All Ss have in 
placed on a reduced food regime” aig 
handled for one week; no prea i 
has been given; and a small pelle 
food will serve as a reward. 


Correction Technique 2 


S is placed in the starting 
novel stimuli of the T maze 
exploratory (approach) response, te 
will eventually enter the positiv af 
box at the end of arm A where app 
and eating responses will be dica pos 
thus conditioned to the cues of th! 
Somewhere near this point, $ a 
generalization becomes an nae a 
factor. Thus the to-be-negalv® yil 
(arm B) which is similar to ae ap 
also acquire the tendency tO En 
proach response. This, taken ig 
junction with the fact that the j pos 
cently visited stimuli of arm aprons 
sess greater exploratory value (7 ality. 0 
elicitation), increases the prO i eedinb 
S’s entering arm B on some $ 


box. 


The 
then elici 


a d 
trial. iye 

When S does enter the negat r 
box (arm B), the US (food) 35" «ono 


atio? at 
t. Therefore, secondary elicit qoid?” 


en S s 
s, and the conditioning se 


t 


3 for, 
typical CR situations, particulary ttit 
using human Ss with uncontroi t sti ‘ 
the US may not be the prepor joning Pye? 
every trial, and as a result CO wevel? 
reaches a high level (12, 19). EA a punh 
a dominant elicitor such as f00 


elicitors on every trial. 
tioning posited to account ž 
learning is rapid and rises to 


a a 
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peior is initiated. Since in the cor- 
oo technique recoil or escape re- 
ie can clearly occur after each 
S response, these responses will be- 
a pear ditioned to the cues of arm B, 
Be tually, these cues will become 
ee of avoidance rather than ap- 
‘naa With continued trials (rein- 
region ent) the cues of the choice-point 
av eee rently elicit avoidance to B 
oat to A. Thus, T-maze 
ea sie Within this framework is re- 
ceptual) Ie case of discrimination (per- 

the Parning in which the stimuli 
iscrimin oe point region acquire the 
ance res ative property to elicit avoid- 
respon Ponses to one arm and approach 

i Ses to the other. 

a ra context of the present theory 
Sonses Ssary to point out that the re- 
Stimulj sexploratory) elicited by novel 

x a not be conditioned to the 
ese r S in a differential manner.’ 
Gliciteg pope are not consistently 
Maze, Rat ne particular side of the 
a consi TA on ne basis of ae 

C Sponta ons a one, one would ex- 

Weve neous alternation (6, 7, 15). 
ditione? the avoidance tendency con- 

le explow. arm B will compete with 
Will pip tty approach tendency and 
that p tually preclude entrance into 

atm after a | i 
a large number of trials. 


On, 
Correction Method 


| The 
with ¢ a planation of learning a T maze 
tially e ucorrection method is essen- 
method, Same as with the correction 
Re allowe d Owever, the fact that S is 
ia box an aa recoil from the negative 
tion On the also enter the positive end 
the, Method mre trial in the noncorrec- 
pe two t makes it necessary to treat 
eng Umah] raining methods separately. 
d boy 2? detention in the negative 
os, Some eon the probability that 
iy tabiy gains of a nondifferential sort 
ow s wes occur, and constitutes what 
cue familiarity” (11, 13). 
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any one response will be consistently 
elicited or specified to the cues of the 
negative end box. Also the cues of the 
choice point area in arm B are not di- 
rectly associated with escape responses, 
ie., there is greater S-R asynchrony 
than with the correction method. It 
therefore follows that the learning of 
avoidance to the cues of arm B will be 
appreciably slower than with the cor- 
rection method and that learning of the 
correct response with the noncorrection 
method accordingly will be slower (10). 
Avoidance learning to the negative side, 
although less than with the correction 
method, nevertheless does occur. It has 
been found, for example, that the learn- 
ing of a T maze (noncorrection method) 
is enhanced when the number of re- 
wards on the correct side is held con- 


stant (5). 


Place vs. Response Learning 


From the point of view of the pres- 
ent theory there is no real controversy 
as to whether S learns a right-turn re- 
sponse or learns to go to the correct 
place (arm A). The concept of learn- 
ing a turn response can only mean that 
the cues directing the response remain 
constant regardless of the orientation of 
the stem with respect to the arms. And 
in any T-maze situation a number of 
tactual, kinesthetic, and visual pat- 
terning cues in the choice-point area 
remain constant and thus mediate re- 
sponse learning when the cues beyond 
the choice point are nondiscriminative. 
Once S has made a response at the~ 
choice point under pure response learn- 
ing conditions, there are no longer any 
stimuli in the maze which are discrimi- 
native other than a perseverative stimu- 
lus trace. For the cues of each arm, in-> 
cluding extra-maze stimuli, will have ac- 
quired identical approach (avoidance) 
value. In Hullian terms this means 
that pure response learning involves de- 
lay of reinforcement; in the present con- 


ua 
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text we would prefer to say that pure 
response learning involves a long CS- 
US interval, i.e., a lapse of time be- 
tween the cessation of the discrimina- 
tive stimulus and approach-to-food. As 
previously implied, any deviation from 
strict contiguity of S and R will retard 
the establishment of the S-R tendency. 
On the other hand, in place learning, 
the stimuli of each arm are discrimina- 
tive in a continuous fashion from the 
end box to the choice point area, ie., 
there is an overlap of CS and US, and 
therefore faster learning (23) than un- 
der pure response conditions. 


Learning in the Skinner Box 


Let us assume that we are attempt- 
ing to train a rat to depress a bar in 
a conventional free-responding Skinner- 
box situation. A small pellet of food 
will be used as a reward and the food 
tray is located in the vicinity of the bar. 
S is given a minimal amount of food 
association to the food tray. Then the 
bar is introduced and thereafter food is 
delivered only following a full bar de- 
pression. Release of food is immediate 
and is accompanied by a “click.” 

The initial behavior of § in the box 
consists of exploratory behavior includ- 
ing operant bar depressions. However, 
the first definite response which appears 
to be learned is approach to the food 
tray. Precise quantitative data on the 
early learning of this approach response 
have been obtained by Hurwitz.® Ini- 
tially then, as would be clearly pre- 

‘dicted from our acquisition hypothesis, 
S simply learns to approach the food 
tray—both during the food association 
period and in the early stages of free 
responding to the bar. After this ap- 
proach response has been established, S 
will approach the food tray without first 
having pressed the bar. Since on this 
occasion there will be no food in the 


ê Personal communication- from H. M.: B. 
Hurwitz, Birkbeck „College, London, 
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tray with which food association has 
been established, the conditions for sec- 
ondary elicitation exist. Consequently, 
all cues associated with direct approach 
to the food tray will acquire the prop- 
erty to elicit avoidant-type response. 
The responses elicited by the empty 
food tray include retreat from the tray 
and an increase in the number and 
vigor of tangential responses. With re- 
spect to bar pressing, this frequently 
results in a “flurry effect” or a high bar- 
press/approach-to-food-tray ratio. After 
one or more bar presses, S will eventu- 
ally reapproach the food tray and pro- 
cure the food pellet, for any avoidance 
to the tray has only been incipiently 
established. A variable which can fa- 
cilitate the learning of approach to the 
food tray subsequent to pressing the bar 
is the response-produced click which 
has been previously associated with the 
presentation of food. 
It is now appropriate to point out 
that S in a Skinner box is confronted 
with a discrimination situation. In part, 
this is to say that certain cues are as- 
sociated with approach to food tray, 
and certain cues are associated with 
avoidance of the food tray. In addi- 
tion, since it is likely that a flurry of 
bar presses has been elicited (rein- 
forced) through secondary elicitation, 
it is necessary to explain why S learns 
to press the bar only once per visit to 
the food tray. The principal discrimi- 
native stimuli employed by S in learn- 
ing to approach and press the bar prior 
to visiting the food tray are presente 
below in order of establishment: (4) 
Proprioceptive, visual, tactual, and aU- 
ditory elements.which occur immedi- 
ately after pressing the bar; (b) those 
stimuli involved in addressing the bats 
(c) those stimuli associated with orient- 
ing toward the bar. 

The manner in which these Sas 
mediate the chaining of the respon 
elements of the bar-pressing sequent 
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will now be discussed. To start with, 
gross” or unconditioned manipulation 
of the bar results in unique stimulation 
Which frequently involves a distinctive 
click.” These stimulus elements or 
their perseverative trace eventually oc- 
cur contiguously with the response of 
approaching the food tray. Such stimuli 
therefore acquire the property to elicit 
approach to the food tray as soon as 
they occur. This means that S will 
learn to approach the food tray as soon 
as he presses the bar, i.e., when S hears 
the “click” or is otherwise stimulated 
by this distinctive stimulus complex. 
This also means that partial responses 
which do not activate the food release 
mechanism do not produce the stimuli 
which elicit approach to food tray. 
Given the establishment of this first 
Major link in the behavior chain (ap- 
Proaching the food tray after pressing 
the bar), it becomes necessary for us to 
Consider the chaining of the second link 
(pressing the bar before approach to 
the food tray) to the first link. This is 
Straightforward. Since visual, tactual, 
and proprioceptive stimuli of the bar 
area occur in contiguity with bar press- 
ing and approach to bar, they become 
Conditioned to pressing and approach- 
Ing the bar. Another factor which is 
€ssential to the chaining in of this re- 
SPonse link is the fact that when S fails 
to press the bar or makes an incomplete 
ar-pressing response before visiting the 
food tray, avoidant-type responses to 
the food tray are elicited (reinforced). 
In short, cues associated with direct ap- 
Proach to the food tray and “short- 
Cutting” responses acquire avoidance 
Properties; thus these,responses are ex- 
tinguished, Therefore, through the in- 
i ‘play of primary and secondary elici- 
ation the instrumental learning of a 
diner sing response turns out to be an 
a aition of one behavior sequence 
5 the introduction and establishment 
a more complex sequence. Or, as in 
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the case of T-maze learning, instrumen- 
tal bar depressing resolves itself into a 
case of discrimination learning. 
Evidence in support of this discrimi- 

nation-type analysis is avåilable in a 
study from our laboratory. In this ex- 
periment, after bar pressing had been, 
established to asymptotic level under 
continuous reinforcement, groups of Ss 
were given varying amounts of 4:1 
fixed-ratio reinforcement. A “click” ac- 
companied only the to-be-rewarded bar 
press. Approach to the food tray fol- 
lowing each of the first four bar presses 
in a fixed-ratio block tended to become 
extinguished. Following the fifth or to- 
be-rewarded bar press, S continued to 
visit the food tray. Presumably, the 
first four bar presses of a block tend to 
“discriminate out” and become chained 
in an instrumental fashion to the termi- 
nal or to-be-rewarded bar press. Given 
perfect discrimination, all responses of 
a block would be chained together and 
would constitute a single response unit. 
However, the end result of any amount 
of discrimination during the fixed-ratio 
schedule is to increase the number of 
individual bar presses which will occur 
during extinction. In the study being 
considered, it was found that resistance 
to extinction was proportionate to the 
level of discrimination attained. 


SUMMARY 


The present paper represents an at- 
tempt to explain two major types of in- 
strumental learning within the frame- 
work of elicitation theory. Learning int 
a T maze was described as a case of 
discrimination learning, or a matter of 
learning to approach the cues on one 
side of the choice-point area and to 
avoid the cues of the other side. Pure® 
response learning was contrasted with 
place learning. s 

Learning a bar-pressing response in a 
Skinner box situation was likewise de- 
scribed as a case of discrimination of a 
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somewhat more complex nature. Learn- 
ing to make a discrete bar press fol- 
lowed by an immediate approach to the 
food tray is a matter of the elimination 
(extinction) of a behavior sequence of 
directly approaching the food tray, and 
the establishment of a more complex 
sequence of first approaching and press- 
ing the bar followed by an approach to 
the food tray. Experimental evidence 
in support of this interpretation was 
cited. 
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THE PSYCHOLOGY OF MENTAL CONTENT RECONSIDERED * 


DAVID C. McCLELLAND 


Wesleyan University = 


Psychologists used to be interested in 
what, went on in people’s heads. In 
fact, for thousands of years this was 
Practically all they were interested in. 
Psychologists from Aristotle to John 
Stuart Mill were concerned primarily 
with ideas and associations between 
ideas, but with the rise of modern sci- 
entific psychology we lost interest in 
ideas, by and large. .The history of 
this develépment is well known, but let 
us review it for a moment. The psy- 
chology of mental content collapsed in 
the United States under the impact of 
two heavy blows. First, introspection- 
ism seemed to run into a dead end. 
Titchener had argued manfully for a 
Scientific study of the contents of mind, 
a kind of mental chemistry in which the 
basic elements would all be discovered 
and sorted out, but his laboratories 
simply failed to produce enough data to 
a up his theoretical position. It 
ho not so much that his position was 
oe It was just that the data 
kapea by the introspectionists did 

seem to lead anywhere—to fruitful 
ae theses, for example, which would 
t ve to make theoretical sense out of 

e flux of mental events. 

Ree second blow was even more 

Vastating. It was, of course, the be- 
Fe ristic revolution. Particularly in 
to United States, psychologists began 
parue that conscious content could 
i te form the basis of a science, where- 
the ehavior could. “J. B. Watson led 
Helene in the name of scientific ob- 
ihe After all, could you see oF 
a th or feel or record with a machine 

Ought or a feeling? Now, a muscu- 
feet n paper was delivered at the Four- 
in nternational Congress of Psychology 

Ontreal, June 9, 1954. 


lar contraction—an eye blink, a foot 
withdrawal, a right turn in a maze— 
that was something else again. That 
could be seen and touched and felt and 
often recorded entirely automatically by 
an impersonal, mechanical gadget. Here 
was the stuff of which a real science 
could be made! 

Looking back with the perspective of 
30 years we can begin to see why this 
movement was so appealing. In the 
first place, it did provide the kind of 
objectivity, methodologically speaking, 
that psychology had never had before 
and it could, therefore, lend real sup- 
port to psychology’s claim that it was 
a science. Secondly, it fit in with the 
traditional American pragmatic bias in 
favor of action rather than thought or 
feeling which were generally considered 
to be old-fashioned European concepts. 
After all, in the United States it is 
what a man-does that counts, not what 
he says or thinks or feels, This tend- 
ency in American psychology is still so 
prevalent that to many of us prediction 
of behavior means only predicting gross 
motor behavior rather than predicting 
thoughts, conflicts, doubts, imaginings, 
feelings, etc. as reflected in verbal be- 
havior. Thirdly, behaviorism tended to 
focus attention on problems which were 
of vital topical interest to a new coun- 
in which many of its citizens were 


try > 
attempting to adjust to new ways of 
life. In fact, adjustment or learning 

And this was 


became the key concept. A 
natural in a country in which so many 
immigrants or their children had to give 
up traditional European ways ef behav- 
ing for new American habit patterns. 
It was at this point that psychology be- 
came almost: exclusively interested in 


«process variables,” ia how people went 
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about doing things rather than in what 
they did. This was the time when 
Woodworth was stressing that we should 
rewrite psychology in terms of “ing” 
words—e.g., perceiving, emoting, think- 
ing, learning, etc. No one was inter- 
ested in what people thought, what they 
perceived, what they learned, etc. In- 
stead we were to be concerned only 
with the laws which governed the proc- 
ess of perceiving, learning, etc. 

Even personality and social psychol- 
ogy, which by definition are content ori- 
ented and which, therefore, should have 
resisted this trend, fell under the spell 
of this widespread movement. In per- 
sonality Psychology we were primarily 
interested in self-descriptive inventories 
in which the subject answered a lot of 
questions about his aches, pains, and 
anxieties. But, mind you, we did not 
look at his answers, We added them 
up to get a neuroticism score or domi- 
nance score or what not. We were not 
interested even here in what he said 
about himself, in what his ideas were. 
We were only interested in the extent 
to which his answer contributed to a 
total score which meant something else, 
To be sure, an individual clinician some- 
times went so far as to look at the actual 
answers a person had given on a person- 
ality inventory, but then, he was not a 
scientist! In social Psychology, too, we 
managed to get along without much 
concern with content, although here, 
too, it was a little difficult. The prob- 
lem was solved with the help of the atti- 
tude concept. An attitude is essentially 
what I have been calling a process vari- 
able. We are interested in how atti- 
tudes get set up, in how we can measure 
them, in their consistency, in their ri- 
gidity, their generality or specificity, 
etc.—all process variables. But we are 
hot interested in what they are, par- 
ticularly, Any old attitude will do for 
our purpose, just as in studying learn- 
ing, any old task will do for our pur- 
pose—a maze, a bar to Press, a list of 


nonsense syllables, or what not. So so- 
cial psychologists chose as the attitudes 
to be investigated whatever happened 
to be of current interest at the moment 
—€.g., internationalism, feminism, paci- 
fism, race prejudice, and so on. Few 
if any people thought it was even worth 
asking which attitudes were the’ “im- 
portant? ones to use in describing a 
Person or his culture. Many people 
Probably would have wondered whether 
such questions really fell within the 
province of Psychology at all. p 

It is against the background of this 
widespread social movement in psychol- 
ogy that we can see the beginnings of 
the projective testing movement as the 
Source of a change in attitude which is 
finally beginning to be felt today, pos- 
sibly in large part because of the suc- 
cess of projective tests, But certainly 
Projective testing did not start as ae 
Conscious revolt against this interest in 
Process. Quite the contrary, The Ror- 
schach test, as one of the oldest of 
these new instruments, probably gained 
as wide acceptance as it did in the 
United States largely because it became 
Primarily process-oriented, It became 
concerned with how people perceive and 
only secondarily with what they per- 
ceive. Quantitative indices could be 
computed according to how many re- 
sponses were determined primarily bY 
form, by color, by movement, and the 
like. Nevertheless, the good clinicians 
often found that the Particular content 
of the association given by the patient 
was of value to them in understanding 
the person. And this has always been 
the case with a good clinician. He has 
to be interested “in what his patient 
thinks as well as in how he thinks it. 
Even though his formal psychological 
training gives him very little assistance 
at this level, he knows that in order tò 
handle this particular person he has tO 
be interested in the patient’s de 
This, it seems to me, has been the grea! 
and continuing contribution of the clinic 
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and the projective test in a time when 
Psychological theorists have talked them- 
selves out of being interested in content 
altogether. I am reminded here of a 
comment made to me once by one of 
pr more cynical colleagues who claimed 
at no new ideas of importance ever 
appeared in the universities. Usually 
they appear outside first, and then are 
only gradually claimed by the universi- 
ties. Certainly if we think for a minute 
a pn like Descartes, Darwin, Freud, 
>. instein, there would seem to be 
ih ching in what he said. And this 
h “opment seems to be a case in point. 
z k Projective testing movement grew 
deme” outside the conservative aca- 
its T tradition and finally, because of 
ae inical success, has managed to dent 
the calm assurance with which many 
T Oretical psychologists have discarded 
Problems of mental content. 
2 ut to continue with my story: The 
change came with the development 
a urray and his associates of the 
am antic Apperception Test about 20 
hed ago. Now for the first time we 
ah an instrument in which the primary 
en was not form but content. The 
S ‘son interpreting a TAT record must 
activ wo questions as: What motives 
i Vate this person? What conflicts 
Plague him? What modes of defense 
r he adopt? What characteristics 
om the world have for him? No 
fi ee are we concerned primarily, as 
D Rorschach, with how he ap- 
then es his task, although some have 
ee to analyze the TAT in these 
Dich To help us in our analyses of 
Dh we have drawn heavily on 
ot Oanalysis, the one system of con- 
clini Psychology which, isolated in the 
ea survived the mass attack of be- 
fe orism in the laboratory. Murray m 
Original system of analysis for the 
much empta to provide us with a 
sis of roader vocabulary for the analy- 
anal content, but, by and large, in our 
Yses we draw upon relatively few 


general psychoanalytical concepts such 
as sex, aggression, parent-child relation- 
ships, and the like. This, to my way of 
thinking, is an impoverished set of con- 
cepts for dealing with mefital content, 
but it is nonetheless the one real and 

vital one in the United States today. 
What evidence is there that this tend- 
ency to concern oneself with mental 
content is of growing influence? In the 
first place, we must not underestimate 
the conservative resistance to the belief 
that such a psychology is possible. 
Even Freud’s generalizations about the 
importance of certain basic conflicts 
such as those involved in the Oedipus 
complex are under constant attack. To 
some extent the attacks are motivated 
by the conviction that generalizations 
about content are really impossible. 
The argument runs that there are no 
general concepts which can serve to de- 
scribe the human situation at any place 
or time in history. What about cul- 
tural relativism? After all, individuals 
differ widely in what they think and so 
do cultures. Some have an Oedipus 
complex and some do not. How can we 
generalize about anything except the 
process by which individuals arrive at 
their ideas? The ideas themselves are 
completely relative. One can perhaps be 
literary about them, but not scientific. 
This is the argument and there is no an- 
swer to it, except to prove that it can 
be done fruitfully. Many of us are 
convinced already, for example, that 
despite individual and cultural varia- 
jor scientific achieve 


tions, it is a maJ t 
ment to have focused attention on the 


framework of the mother-son relation- 
ship as of primary importance in the 
development of the individual, and to 
have worked out some of the taxonomy 
of this and the allied relationship with 
the father. 

Meanwhile, there have been some new 
developments which would encourage 
us to believe that perhaps a psychology 
of content is possible. Take the re- 


300 Davm C. McCrerranp 


search report on The Authoritarian Per- 
sonality (1), for example. I would con- 
tend that the essential issues raised by 
this research are issues in the psychol- 
ogy of content. It represents to some 
extent a fusion of psychoanalytic struc- 
tural concepts with certain concepts 
drawn from political ideology. Whether 
we like the fusion or not does not really 
matter too much. From the methodo- 
logical point of view it represents an 
exciting step forward since its authors 
have drawn on political ideology as well 
as psychoanalysis to help explain the 
structure of personality. When our sci- 
ence has matured to the point where we 
can draw not only on political ideology, 
but on economic, religious, esthetic ide- 
ologies, and the like, then we will be on 
the way toward developing a really full- 
blown psychology of mental content. 
Our own research on The Achieve- 
ment Motive (2) has contributed as 
much to these conclusions as anything 
else. We started with the relatively 
simple task of identifying those types 
of imagery in a TAT-type record which 
indicated the presence of a motive to 
achieve or succeed, After we were able 
to identify reliably this item of mental 
content, we were able to select indi- 
viduals whose thought processes con- 
tained a lot of such items and other in- 
dividuals whose thought Processes con- 
tained few such items. We were then 
faced with the question of how these 
people differed. Do they behave dif- 
ferently? Yes, they do. The ones with 
a lot of achievement imagery tend to 
learn faster, to perform better, to set 
different levels of aspiration, to have a 
better memory for incompleted tasks, to 
Perceive the world in different terms, 
ttc. Perhaps even more interesting was 
the question of how they got that way. 
How is it that some people tend to 
think more often in achievement terms? 
We were led back to the mother-son re- 
lationship and found that independence 
training seems to be associated with 


achievement motivation. That is, those 
mothers who encouraged their sons to 
develop independently, to learn their 
way around by themselves, seemed to 
have sons with higher achievement mo- 
tives. But we pushed the question one 
step further back. How is it that some 
mothers favor independence training 
more than others? This raised the 
question of values, and values raised 
the question of religious ideology. Then 
we found that attitudes toward inde- 
pendence training were not randomly 
distributed through various population 
subgroups. Instead, Protestant and 
Jewish parents were much more likely 
to favor early independence training 
than were Catholic parents and this, in 
turn, seemed to fit into the belief sys- 
tems and emphases of these three re- 
ligions (3). And if this is so, we can 
begin to trace some of the details of the 
connection between Protestantism and 
the rise of capitalism as originally out- 
lined by Max Weber (5) and R. H. 
Tawney (4). 

So our recent research has led us 
into the relationships between religious 
values, independence training, achieve- 
ment motivation, and economic devel- 
opment. We think we are beginning to 
discover some connections among these 
Phenomena which can be traced out 
with a fair degree of scientific confi- 
dence. But whether we succeed or not, 
the point I am trying to make is that 
by Concentrating on one item of mental 
content, namely achievement imagery, 
we have opened up a whole new set of 
Problems in social science that can be 
Investigated by Psychology. 

Now let us parse a be ie and try 
to reconsider what has happened. The 
“new look” in the study of mental con- 
tent really involves neither introspec- 
tion nor projective testing in their pure 
forms. Instead I prefer to call } 
“thought Sampling,” and to use the 
analogy of the “blood count” from the 
medical laboratory to explain what 
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have in mind. Just as we need a sam- 
ple of blood to make a white cell count, 
we want a sample of thoughts or ideas 
to make our imagery counts. In gen- 
eral, we get these samples by asking the 
subject to write stories to certain cues, 
usually verbal or visual. Having got- 
ten dur thought sample, we have to 
learn to recognize certain types of im- 
agery, just as the medical technician 
has to learn to recognize a white blood 
cell when he sees one. This involves a 
great deal of preliminary work so that 
we can define the characteristics of the 
imagery carefully and then train indi- 
Viduals to recognize what they are look- 
ing for. It does require training, but 
Probably no more training than a medi- 
cal technician needs to be able to dis- 
tinguish one type of blood cell from 
another, That is, it does not involve 
high-level judgment, but is essentially a 
Pointing” operation which is a little, 
but not much, more difficult to make 
than pointing to an animal’s right turn 
in a maze. Watson need not have 
feared for the objectivity of this kind 
of analysis. The record is permanent. 
he same person can look at it again 
and again, or several people can ana- 
lyze it. It is quite possible to get a re- 
liable and objective result. 

If we put the “new look” in mental 
Content in these general terms, it is im- 
mediately clear that we have a number 
of problems to solve. For example, 
there is the sampling problem. Under 
what conditions should we get our 
thought samples? What cues should we 
use? Should we get long samples or 
short samples? What about the sub- 
Ject’s set? How does it influence con- 
ee Here it becomes obvious that 
waditional projective testing elicits only 
a very small segment of the possible 
eee of mental content. To the extent 
Sat we stay within the limited frame- 
Tork of the traditional TAT cards, for 

ample, we are bound to have a bias 
Sample of what goes on in a man’s mind. 


An even more important problem has 
to do with the decision as to what cate- 
gories for content analysis we use. This 
is the heart of the problem, since we will 
get theoretically meaningful results, or 
generalizations that hold for a wide va- 
riety of situations, only if we choose the 
right categories to begin with. How 
does one discover the right categories? 
The literature of social science is strewn 
with content analyses of everything 
from open-ended interviews to “soap 
operas”—analyses which are purely ad 
hoc—for the immediate practical pur- 
pose in hand. I am certainly not argu- 
ing for more of this industrious busy 
work. The categories must be meaning- 
ful; they must be related to theory; 
they must be trans-situational—i.e., ap- 
plicable to more situations than the one 
to which they are first applied. It takes 
inspiration or luck or hard work or 
something to discover such a category, 
just as it did in biology to discover 
what was the most useful of many pos- 
sible ways to classify blood cells. The 
only concrete suggestion I have as to 
how to proceed, which comes from our 
own experience, is to choose those cate- 
gories which show significant shifts as 
a result of experimental operations. 
Whether this is an unnecessarily re- 
strictive rule, I do not know. At any 
rate it certainly eliminates many pos- 
sible categories, and it seems to be 
roughly the one which the chemists 
have used in setting up the classifica- 
tion of elements. 


This brings us back to Titchener. 


Looking back with the perspective of 
history, we can now see that Titchener’s 
structural psychology failed for two rea- 
sons. In the first place, the content 
categories he chose did not turn out to 
be fruitful. They were not related to 
experimental operations on the one hand 
or to other types of behavior on the 
other. For these or other reasons, they 
simply.,did not lead to theoretical de- 
velopment. Therefore they were the 


302 Davi C. McCrerranp 


wrong categories. In the second place, 
and this is of major methodological im- 
portance, his students categorized their 
own data. The essence of introspection 
is that the same person serves both as a 
source of data and as a categorizer of 
them. This has an obvious weakness, 
a weakness which has been perpetuated 
in self-descriptive personality inventor- 
ies. It is simply that the subject may 
have a very imperfect or incorrect idea 
of what categories his thoughts belong 
in. This may be because his categories 
are different from the ones we as scien- 
tists want to use or because he may 
really misperceive himself. The great 
contribution that both Freud and the 
Projective testing movement made was 
that neither asked the subject to pass 
judgment on his thoughts as they ap- 
peared to him. Both simply asked for 
a sample of those thoughts and then 
left the categorization process to an out- 
side observer. This was an important 
methodological advance, the significance 
of which I think we are only just be- 
ginning to appreciate. 

If psychologists are to re-enter the 
field of mental content and start classi- 
fying it according to categories of genu- 
ine theoretical fruitfulness, I fear they 
will have to return to disciplines they 
have long neglected, In the twenties, 
in the heyday of behaviorism, we were 
proud that we knew nothing of religion, 
of art, of history, of €conomics, or poli- 
tics (except in a personal, often naive 
way). We didn’t need to know about 
these things if we were only interested 
in process variables. We could make 
our own choice of a task situation—for 
example, the rat in a maze—and what 
we found out there about how the rat 
tearned the maze would apply equally 
well to all (including human) learning 
situations, We could afford to be ig- 
norant of many things that man has 
thought about. But if the psychology 
of content develons as I think it will, 


we shall have to go back to getting 
a broad, general education. Certainly 
nothing in my training as a psychologist 
prepared me to handle problems in re- 
ligious belief systems or economic de- 
velopment. Yet these are typical of 
the problems which I think will begin 
to arise increasingly often in thé new 
psychology of content, and we simply 
cannot afford to be, naive and pretend 
that research scholars in these fields 
have nothing to tell us. 


If my analysis is correct, we are on 
the brink of an important new develop- 
ment in psychology. Because of meth- 
odological improvements, we are about 
to take up again some of the problems 
in mental content that formerly were 
considered to be an essential part of 
Psychology. And it is my conviction 
that the projective testing movement ae 
to be thanked for keeping an interest 1n 
content alive in an era when most theo- 
retical Psychologists were otherwise 0C- 
cupied, and for providing us with the 
methodological advance that enabled us 
to escape from the blind alley into 
which introspection had led us. 
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ON MAKING PREDICTIONS FROM HULL’S THEORY 


JOHN W. COTTON? 


Northwestern 


The theory of behavior proposed 
by Hall in Principles of Behavior (5) 
and modified several times thereafter 
(6, 7, 8) has called forth numerous ex- 
perimental studies and theoretical 
articles focusing upon the empirical 
Plausibility of its postulates. The 
Present paper is not concerned with 
this question of plausibility. Rather, 
we wish to,inquire whether the theory 
as stated leads logically to predictions 
which may be tested empirically and, 
if so, whether these predictions in- 
clude any sizable proportion of the 
theorems commonly supposed to fol- 
ow from the theory. We will con- 
clude that the answer to the first 
Ghestion must be “No,” except under 
i ae circumstances, and that the 
ieee to the second question is also 
i 0.” These answers will result from 
application of a strict interpretation 
of the theory, an interpretation which 
may seem unduly restrictive to some 
cian It should be noted, how- 
ee that only a highly developed 
cube), Such as that of Hull could be 
G3 ene to an analysis of the type 
iùd e presented. The reader must 
Sipe Pinel whether the conclu- 
sonable ed in this inquiry are rea 
Sa remarks will have primary ref- 
ca Ce to Principles of Behavior be- 
aoe it is the most widely known 
fa co of the theory. The con- 
rozions reached would also result 

m consideration of any of the re- 
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vised postulate systems which Hull 
proposed. 

The first impression of a person 
reading Hull's system or the body of 
literature surrounding it might well 
be that a vast number of predictions 
from the theory have been made 
and tested. Because a considerable 
amount of data was presented and 
discussed in Hull’s formulation of his 
theory, it is tempting to conclude 
that this material at least has already 
been shown to be consistent with the 
theory. In fact no one has publicly 
questioned the presumption that the 
empirical data cited in Principles of 
Behavior is embraced by the theory. 
Yet this presumption is false. There 
was, to be sure, a romance between 
theory and fact, but the wedding did 
not take place. Hull never quite 
compared the implications of his 
theory with the data he discussed. 


An EXAMPLE OF THE PREDICTIVE 
DEFICIENCIES OF HULL’S THEORY 


To illustrate the respects in which 
Hull’s theory fails to make predictions 
consistent with the data presented 
when the theory was first formulated, 
let us consider a particular experi- 
This experiment, the first dis-« 
cussed in Hull's development of the 
construct called habit strength (sHnr), 
is Hovland’s (4) study of the relation- 
ship between the number of reinforced 
trials (V) and the amplitude (A) of. 
the galvanic skin reaction. Hull sum- 
marized Hovland’s results with the 
following equation, which is (except 
for notation) the former's equation 4: 


pa = 14.1(1 — 10-*) + 3.1 [1] 


ment. 
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where ya is the population mean 
amplitude of response estimated from 
Hovland’s data. Equation 1, then, 
is a statement of an empirical law 
which Huli’s theory might reasonably 
be expected to encompass. We will 
require of the theory that it yield 
equation 1 as a theorem, or at least 
that it yield a theorem consistent with 
the data upon which this equation 
was based. Since mathematical state- 
ments of the postulates are presented 
by Hull, it will be possible to make 
mathematical deductions in order to 
permit comparison of equation 1 with 
a theorem stated in mathematical 
form. 

Finding the value of sHp. The first 
step in the generation of a theorem 
relating to us to N is to tie N, an 
antecedent condition, to Hull’s inter- 
vening variables. Then the interven- 
ing variables may be tied to MA, a 
consequent condition, and the predic- 
tion will be complete. Accordingly, 
we now consider sp, the first inter- 
vening variable involved in the pre- 
dictive chain. On the basis of the 
Hovland experiment and others, Hull 
defined sHp by his equation 16, the 
mathematical Statement of his Pos- 


tulate 4. We present an equivalent 
definition, Hull's equation 26: 


sHr = m(1 — 10-i¥) [2] 


where m is the maximum habit 
strength obtainable under any given 
experimental situation and 7 is a con- 
“stant reflecting the rate of approach 
of sHp to m. Hull’s equation 26 is 
used here in the interest of simplicity : 
his equation 16 has three factors 
whose values depend upon experi- 
“mental variables held constant by 
Hovland. Therefore all three factors 
may be subsumed under a constant 
value of m. 
Finding the value of sHp. The 
second intervening variable to be con- 
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sidered is effective habit strength (sHr). 
Hull’s equation 29, the mathematical 
statement of his Postulate 5, may be 
combined with our equation 2 to 
yield the following expression : 


sHz=m(1—10-™) 0] 


if we presume that no diffsrence 
existed in stimulation at the time of 
training and the time of testing in 
Hovland’s experiment. è 

Finding the value of s,1spHr. Now 
it becomes necessary to relate N to 
the total effective habit strength 
(s,+8spHe), by combining sHr pith 
the effective habit strength loading 0. 
the drive stimulus (s,Hp). First we 
infer that s,Hp = sHp on the paa 
of a comparison of columns 3 and 
of Table 5 of Principles of Behavior 2 
Then we employ our equation 
together with Hull’s equation 30, the 
mathematical statement of Major 
Corollary I, in the special form A 
by the seventh equation on page 255 
to establish the relationship between 
S,+SpHr and N: 


8,48pHr = m[1 — 10-0] 


Kpa] e 


Finding the value of sEr. The prog 
ess of deduction must now be car 
tinued with the specification of ity 
manner in which reaction potential} 
(sEr) depends upon N. Using HUN 
equation 34, the mathematical sta ur 
ment of Major Corollary II, and eae 
equation 4, we obtain the requir 
equation: 


sEx = m[1 — 10-177] 
m(1 — 10) ] >, [5] 
vs E > 100 |p 


> i the 
where D’ is our simplification for ich 


expression (D + D)/(D + Mp); Te 
is a constant for the Hovland aT m- 
ment. D’, then, represents the © 
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bined magnitude of all drive effects 
in Hovland’s experiment. 

Finding the value of İr. The de- 
velopment of a predictive equation 
relating u4 and N now involves the 
determination of the relationship be- 
tween the amount of net inhibition 
(Iz) and N. At this point Hull's 
Postulates 8 and 9 must be considered. 
We have no choice except to conclude 
that these postulates, as stated, pro- 
vide no basis for a specification of the 
relationship desired. Although Pos- 
tulate 9 states a rule for summating 
reactive inhibition (Zp) and condi- 
tioned inhibition (sIr) to obtain Ír, 
Neither postulate gives much assist- 
ance in determining the values of Ir 
and sIr. 

The logical errors of Postulates 8 
and 9 are as follows: (a) Equation 36, 
. e mathematical statement of Pos- 
h ate 8a, contradicts equation 42, 

€ mathematical statement of Postu- 
ate 9a, except when sIę = 0. (b) In 
equation 37, the mathematical state- 
Sot of Postulate 8b, the symbol » 
fa used to represent the number of 
hs action evocations producing inhibi- 
aay Since n is employed on the 
tne Page to represent the number of 

nreinforced reaction evocations re- 
paced to produce extinction, this 
ee Contradicts the verbal state- 
tee? in Postulate 8 which asserts 
inhibi whenever a reaction is evoked, 
ae as will be created. (c) The 
rbal Postulates 8b and 8c refer to 
tenes the mathematical state- 
(a) i of those postulates refer to sIr. 
to Postulates 8b and 8c are taken 
ind efer to sIr in order to provide an 
one endent definition of one com- 
ut of Ze, then Zp is still left with- 
a definition, and vice versa. (e) 
math mee In in equation 41, the 
ematical statement of Postulate 
ere be replaced by ¢/”Iz, the 
ih ol for the amount of Zz remain- 

8 after inhibition has been allowed 


to dissipate for time ¢#’”. Otherwise 
equation 40, the mathematical state- 
ment of Postulate 9d, can play no 
part in the prediction of behavior 
under any circumstance to°which the 
theory may be applied. 

Most of the inconsistencies and 
omissions just noted have previously 
been discussed either by Koch (10) or 
by Montgomery (12). These inade- 
quacies of the theory may be removed 
by rewriting and expanding Postu- 
lates 8 and 9. Several possible modi- 
fications could be proposed, either 
on theoretical or empirical grounds. 
However, we present the revisions 
which seem most in keeping with 
Hull’s intentions when writing these 
postulates. Only the mathematical 
statements of the revised postulates 


need be given here: 
Revised Postulate 8a: 
sĒr = sEr — İr. [6] 
Revised Postulates 8b and 8c: 
Ip = (N)/(B—-W). [7] 
Revised Postulate 9b: i 


, wT, Tr) 
Te =i Ir + slr T. (Ts) (ste) [8] 


Postulate 9c: 
sl AS I R. [9] 


The above postulates are for the 
most part self-explanatory. It will 
be noted that we have only one equa- 
tion for Postulates 8b and 8c, and 
that NV’ is used in place of n. Only 
one equation is necessary because 
Hull’s mathematical statements of 
Postulates 8b and 8c are algebraically 
equivalent. The symbol N’ should 
be taken to refer to the number of 
reaction evocations observed either 
during acquisition or extinction ora 
habit, or during both acquisition and 
extinction. In Hovland’s experiment 
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N’ = N because testing followed N 
reaction evocations. - 

Since Postulates 8d and 9b require 
no modification, they have not been 
presented ‘above. Postulate 9c will 
be seen to be completely new to the 
system. We have no particular faith 
in its adequacy, but introduce it only 
because some postulate about sJp is 
essential if predictions are to be made 
within a theory containing Postulate 
9a. 

The modifications of Postulates 8 
and 9 proposed above permit us to 
derive an equation relating Ip to N, 
as was our original purpose in this 
section. Since #” was constant in 
Hovland’s experiment, we replace the 
term e="! by the constant k and 
write the following equation based 


upon Postulates 8 and 9 in their re- 
vised form: 


cN 
le- Bw 


ckhN 
x [i te- me a: [10] 
Finding the value of sEp. 
fication of the relationship 
Hull's next construct, effecti 
tion potential (sEr), and N 
obtained by substituting the 
ties from the right-hand sides 
tions 5 and 10 into equation 6 
the expression : 


A speci- 
between 
ve reac- 
may be 
quanti- 
of equa- 
to yield 


sEp = m[1 = 102w 


. m(1 — 7 | A 
x [2 ban 0 v 


cN 
 B-wW) 
ckN 
x[i- a 


Finding the value of sEp. One last 
intervening variable remains to be 
defined in terms of N before a predic- 
tion of amplitude as a function of N 
becomes possible. This construct, 
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momentary effective reaction potential 
(sEp), is defined by Hull’s equation 
44, the mathematical statement of his 
Postulate 10: : 


sEn = sĒr — sO'r [12] 
where sO'r = sOr_when slr > sOr 
and where sO’n2=sHp when sEr'<sOr, 
the range of sOp being specified by the 
relationship 0 < sOp < 6c. The dis- 
tribution function of sOp is that of a 
normal variable truncated three oS 


above and three o’s below its mean 
of 3c: 


f(sOr) 


1 -a (227 
= 19973Vane” f 


Substituting the value of sĒr from 
equation 11 into equation 12, we 
obtain the desired relation between 
sĒr and N: 


[13] 


sĒr = m[1 — 107407 


m(1 a] j 
TD 
x |2 100 

cN 


 B-wW) 


x [1+z- chiy: 


100(B— al sapai 


Predicting A from N. Given egra 
tion 14, it is now possible to use an 
final postulate of Hull's system se 
Predict the value of the respons’ 
measure A as a function of N. u's 
stituting from equation 14 into Hu e- 
equation 50, the mathematical or 
ment of his Postulate 15, we obta!?’ 


A=}! {mc 10-7] 


x [2 ma- oe | p 
100 


cN 
-pomit 


ckN E 
~ 100(B— zl =E a} 
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Equation 15 would be completely 
acceptable for predictive use if it were 
not that sO’ is a random variable. 
Consequently A can be estimated 
from equation 15 once the parameters 
of that equation are known, but the 
error of prediction will sometimes be 
as lage as the range of possible sO'r 
values, i.e., up to six o’s. For this 
reason we would customarily not at- 
tempt to predict A. Rather we turn 
our attention to the prediction of a 
Measure of central tendency of the A 
distribution. 

Predicting ua from N. All the 
common measures of central tendency 
could be determined for the A dis- 
tribution. Since the Hovland experi- 
ment was a study of the mean alone, 
We consider only pa. Two problems 
arise at this point: (a) Since Hovland 
employed several different subjects in 

is experiment, we must ask whether 
the different persons should be pre- 
Sumed to have different values for the 
Constants in equation 15. (b) We 
must determine the mean of an sO’r 
distribution which is always truncated 
and in addition sometimes has a dis- 
Se probability density at the point 
SUR = gEr. 

The first problem raised is so com- 
Plex that it must be treated in detail 
ater in this paper. In the interests 
of simplicity, we assume for the pres- 
ent that all subjects given W rein- 
Orced trials will have identical she 
Values, identical sO'g distributions, 
identical} values, and identical i’ 
Values. In this case the population 
mean amplitude of response, HA» 1S 
qual to h’ times thespopulation mean 
Of the bracketed term in equation 15 
less 7’. Since the only random vari- 
able in this bracketed term is sO’r, 

© determination of ua depends pri- 
Marily upon the solution of problem 

above, 

We present without proof the equa- 
Ons for ugorg: 
“sop = 3¢ when slz > 60 [16a] 


ti 


and 


_ feo 
us0'n = sin f” f(sOn)d50n 
SER 


sER A 
+ f°" sOn f(s0n) dsOr 


when sĒr < 6c. [16b] 


On the basis of equations 16a and 
16b, the bracketed term of equation 15 
has a known mean, and the value of 
pa becomes: 


MA =w fm —10-] 


m(1—10-*") | j 
x|2- too J? 


cN ckN ] 
-gpl 100(B—W) 
-3} =i [17a] 
when sEr > 60 
and 


MA =n'{ tt —10-*] 


m(1 w] j 
-a DD 
x|2 100 


cN ckN 
EZM [a oe m 


, 


6o $ 
-sBr |” f(s0n) dsOn 
SER 


i Í SPE On f(sOr) dsos} La 
0 © 
when sHr<6c. [17b] 


How the prediction and the data 
compare. Equations 17a and 17b are 
the culmination of the process of pre- 
dicting the functional relationship 
between wa and N from Hull’s. postu- 
lates and a consideration of the experi- 
mental design employed by Hovland. 
Equation 172. can be compressed into 
an expression suitable for curve fitting, 
and wili then contain six constants. 
It will have terms involving N to the 


— 
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first and second degree as well as 
terms involving 10-0 and 107”, 
Equation 17b cannot be employed at 
all unless ja special assumption is 
made regarding the value of sEp 
relative to ø at some value of N. 
Furthermore, one cannot tell when 
to use equation 17a in preference to 
equation 17b until this assumption 
is made. Thus we know little more 
than that predictions could be made 
with equation 17a if N were greater 
than some unknown value. 

Under the presumption that this 
required N is quite small, we compare 
equation 17a with Hovland’s findings 
as a means of testing the predictive 
utility of Hull’s theory. The result 
of this comparison is not favorable: 
equation 1, the result of Hull’s curve 
fitting of the empirical relationship 
observed by Hovland, bears almost 
no resemblance to equation 17a. 
Since equation 1 cann 


from the theory, it must be considered 


with equation 
However, since Hovland ob- 
tained data for only five values of NV 
whereas equation 17a contains six 
constants, a fitting of his data to that 
equation would be a trivial accom- 
plishment. 

The predictive process just com- 
pleted need not be taken as conclusive 
evidence that Hull’s theory contra- 
dicts any data from which he built 
that theory. By no means, however, 
should it be taken as confirming evi- 
dence for the theory. If equations 


17a and 17b could be fitted to experi- 
mental data having mor 


ẹ values of N 
than Hovland’s data, the prediction 
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might be considered adequate. Even 
then, however, the theory as originally 
stated would be considered objection- 
able for several reasons: (a) Revision 
of Postulates 8 and 9 was necessary 
before any prediction at all could be 
made. (b) The restrictions imposed 
upon sO'r at the value sOr > sEr 
cause the derivative of the pa function 
to be discontinuous when sĒr = 60, 
a prediction which is conceivable but 
unattractive from an empirical point 
of view. (c) Special assumptions will 
have to be made regarding the con- 
stants in equation 17a before curve 
fitting with it can be attempted. 
(d) Restrictions will have to be placed 
upon the constants in equation 17b 
if it is to be a monotonic increasing 
function of N, as one would expect 
from existing data. 

The foregoing remarks have ae 
designed to show the implications O 
Hull's theory as it relates to a speci- 
fic experimental study. Comparable 
conclusions would be reached in tos 
theoretical analysis of any other study 
discussed in Principles of Behavior. 
In all cases the predictive equation 
derived from the theory as stated wi 1 
fail to conform to Hull’s emping 
equations. The predictive equation 
will be much too complex, a result S 
undue complexity in the definition =} 
5,+8pHr, Îr, and sOp. These di v, 
culties could be eliminated by app"? 
priate modification of the tien 
This modification will not be at 
tempted here, however, because or 
present purpose is to consider t 


f * wW 
Properties of the theory as it 1° 
exists. ` 


G 
DEGREES OF Sprcrrrciry In MAKIN 
PREDICTIONS FROM A THEORY 

. ‘ be 
The theory in question might 


n 
defended by some of its advocates si 
the ground that we have taken 


Yio oe 
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Postulates too seriously—in short, 
that it should not be considered a 
System from which predictions as 
explicit as those of equations 17a and 
17b should be made. The argument, 
we are sure, would not have been 
employed by Hull, since he employed 
almost all conceivable means of mathe- 
Matizing with his theory and his data, 
except the approach presented above. 
t is true, however, that many of 
ull’s corollaries are stated in quali- 
tative form and that many experi- 
ments relating to the theory have been 
designed to test predictions less in- 
Volved than the one just stated. We 
Now inquire whether the occurrence 
0 a Verification or verifications of 
Predictions of a simple nature can 
Mitigate the dissatisfaction produced 
Y the results presented above, and 
OW predictions of this nature should 

e made, 
jar he Prediction of behavior to be 
pasc ted in a given experimental 
en may be as coarse as pre- 
tud ng from an inequality in magni- 
oe of some experimental variable 
a Corresponding inequality in some 
other ke Measure. It may, on the 
of the and, be as fine as the prediction 
eterį Numerical value of some param- 
Mental equation relating the experi- 
and response variables. The 


whieh Coarseness of predictions 
theor have been made from Hull’s 
mie Y is illustrated by three experi- 


S, performed by Meehl and Mac- 


2 
Eo. 2 Sar Gb, wn 


an atte diction of inequalities. In 
D enome t to explaim latent learning 
dale a ena, Meehl and MacCorquo- 
State that feeding animals 

Outside a six-unit Blodgett 
“I maze to be learned, should 
Secondary drive state which 

Crease the over-all magnitude 
(BD). This, in turn, would 


O; 
multiple 
ATOuse a 
Would in 
2i drive 


be accompanied by an increase in sĒg 
for animals thus fed as compared with 
animals not given this feeding. The 
differential sĒr values for these two 
groups of animals are then taken to 
imply that the animals with the 
greater D will show shorter mean 
running times through the maze, 
smaller mean Blodgett errors, and a 
smaller sum of weighted errors than 
the other group. Each of these pre- 
dictions was verified experimentally 
by Meehl and MacCorquodale, there- 
by supporting their notion that latent 
learning may be explained in some 
cases as the result of a modification 
in drive at the time reward is intro- 
duced for the first time. 

The prediction of the general form of 
a relationship. A second level of 
specificity in prediction is exhibited 
in the report of an experiment by 
Siegel (14). This experimenter forced 
human subjects to make from 0 to 160 
Pressing responses with a switch on 
their right side before permitting 10 
free choice responses in which either 
a left or a right switch could be 
selected on each trial, Using the 
verbal statement of Hull's Postulate 
8b, Siegel stated that the total amount 
of inhibition (fz) would be a linear 
function of the number of forced 
choices (N’). He then predicted that 
the mean of the Proportions (p’) of 
left responses would also be a linear 
function of N’. Siegel's predictions 
were verified, thus giving apparent 
support to Hull's theory. 7 

The prediction of numerical values 
of parameters. 
exact numerical values of Parameters 
in theoretical equations may be based 


almost completely upon theoretical] 
considerations, or it ma 
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method only will be considered 
ian example of this type of prediction 
is found in a study by Burke (1), who 
worked with a somewhat modified 
version of Hull’s theory. For each 
animal used in his experiment, Burke 
first fitted a theoretical cumulative 
distribution function of the asymp- 
totic running times obtained in a 
straight runway. This provided a 
test of the theory at the second level 
of specificity, the comparison of em- 
pirical data with equations having a 
given general form. When the theory 
proved satisfactory at this level, 
Burke proceeded to substitute the 
exact values of parameters from these 
asymptotic equations into the theoret- 
ical equations for preasymptotic trials. 
Since the latter equations were de- 
veloped independently of the pre- 
asymptotic data which they were 
designed to describe, this prediction 
of the magnitude of preasymptotic 
Tunning times could be compared 
with the running times actually ob- 
tained, to provide a test of the pre- 
dictive usefulness of the exact numer- 
ical parameter values, Because the 
theoretical equations described the 
preasymptotic data satisfactorily, the 
constants taken from the asymptotic 
data were said to be recovered in the 
preasymptotic data, 

The relative merits of the three types 
of prediction. With examples of the 
three levels of specificity before us, 
we may inquire as to the advantages 
possessed by each method. First, we 
will consider the amount of deductive 
effort required, and then we will ask 
which methods provide the most 
Severe tests of the theory. 

Because a prediction from an in- 
equality in an antecedent variable to 
an inequality in a consequent variable 
is seldom accompanied by a long 
demonstration that the first inequality 


implies the second, it may appear 
that this type of prediction involves 
less deductive labor than do the other 
types of prediction. In some cases 
this difference may in fact be a 
legitimate reflection of a reduction O 
effort required to make a prediction. 
In most cases, however, Hull ant the 
other workers making predictions of 
inequalities have not actually gen- 
erated their theorems or corollaries by 
strict application of logical operations 
to Hull’s postulates. Thus Meech 
and MacCorquodale's predictions were 
not developed rigorously, a fact which 
they implicitly admit by placing quo- 
tation marks around the word deriva- 
tion when discussing their hypothesis. 
Furthermore, at least two of their 
predictions cannot be rigorously de- 
duced from the theory, because He 
refer to response measures as Ye 
unrelated to sHp within the thenni 
While we accept the empirical res 
vance of many studies in which ON 
dictions have been made wit 
logical demonstration that they Bon, 
from the theory, we hold that thet 
theoretical relevance is problematici 
until such demonstration is fort i 
coming. The rough and ready intu 
tive procedures customarily employa 
must be replaced either by CA es 
algebraic manipulations of inequali a 
following the complete chain te 
sHr to sHp to s,45,Hr to sEr to 5$ 
to sHp to the response measure, OF 
derivation of equations comparable 
equation 17, and this step must ee 
followed by examination of such other 
tions in order to determine ie be 
certain inequalities hold. It mig ete 
Presumed, for example, that, in exp: fe 
mental conditions like those of N: 
land, the theory implies that M1 7 jiis 
should be accompanied by #4, 7 t be 
but such an inference should Pailate 
made simply by referring to Ponana 
4, making the ritualistic state 
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that all other variables are equal, and 
jumping to Postulate 15. One accept- 
able option is to trace the effect of the 
inequality in N’s through"the’chain"of 
intervening variables listed above to 
Ha. A better solution, if both N’s are 
large enough for equation 17a to be 
applicable, is to determine the differ- 
ence ua, — wa, by successively sub- 
Stituting W, and N2 into that equation 
and subtracting. If the resulting dif- 
erence is in general positive for 

1 > Na, then the inference is correct. 

nfortunately, however, we find that 
the following condition must hold 


fore N, > Ne can be said to imply 
Ha, > HA,: 


w[mo>[( 30-2) (10-#¥1 — 19-42) 
=g (10-2 ae 10-49 | 


6 +k)(Wi— 2) 
(B—W) 
4 ok We- N?) 


Toe we >0. [18] 


Not ont 


„Y Must the inference drawn 
INtuitiy, 


ely be amended by imposing 
: e restriction (equation 18), but also 
ES ae of this inference regarding 
Rion > ities requires additional deriva- 
ene yond that required to make 
Bech €diction of a general relationship 
less g ed by equation 17a, Thus the 
pevitic Prediction has proved the 

+ laborious in this case. 
Warnin oregoing is intended as a 
met ae Seay the misuse of the 
to in ol predicting from inequalities 
Che alities. It i not, however, 
ie dict against experimental tests of 
This k ons which are logically sound. 
adang of study has the special 
Only , -8€ that the use of data from 
Sufficiene experimental conditions is 
failures to permit detection of gross 
f the theory. Thus, pre- 
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suming that Meehl and MacCorquo- 
dale had obtained data contrary to 
their? predictions and that their pre- 
dictions could be shown to follow 
from the theory, the theory would 
be considered unsatisfactory at that 
point. 

On the other hand, a theory may be 
unsatisfactory without its delinquen- 
cies becoming apparent when tested 
with only two groups. For example, 
had Meehl and MacCorquodale de- 
duced a theorem stating that the 
decrease in mean latency with increas- 
ing amounts of extramaze feeding 
should be linear, and had then per- 
formed a second experiment with 
three or more conditions, they might 
have found this theorem to fail to 
predict their new results whereas their 
first experiment had confirmed a less 
specific prediction from the same 
postulates. To go one step further, 
if the theory could be used to predict 
the numerical values of mean latencies 
as a function of amount of extramaze 
feeding, a third experiment designed 
to obtain these numerical values 
might fail to confirm the theory, even 
if the two experiments performed to 
test more coarse predictions had 
yielded confirmatory evidence. 

We conclude this section by stating 
that, when experimental tests of pre- 
dictions logically derived from Hull’s 
theory have been reported in the 
psychological literature, they must 
be accepted as legitimate tests of the 
theory regardless of the level of spe~ 
cificity of the predictions involved, 
The relative merits of the three levels 
should not be gauged by any supposed 
differences in ease of prediction, but 
rather by the severity of the test re- > 
quired and by the type of experj- 
mental design and statistical analysis 
desired. As the degree of Specificity 
of the prediction increases, the theory 
receives a more stringent test, but the 
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restrictions upon the experimental de- 
sign and the statistical analysis are 
likely to increase. 


THE PROBLEM OF INDIVIDUAL 
DIFFERENCES IN PARAMETER 
VALUES 


Earlier in this paper we assumed 
that all subjects given identical ex- 
perimental treatment will have iden- 
tical values of sp and of all other 
parameters involved in the derivation 
of equation 17. Although Hull and 
his co-workers came close to making 
this assumption in their Papers on 
the quantification of sHr and sEz 
(3,9), he seems finally to have rejected 
it. His final views on this matter 
seem best to be represented by the 
following quotation from Essentials of 
Behavior (7, Pp. 115-117): "| | in 
the molar law of habit formation, 
sp =1- 10-0057 pRa 
-0305 is a constant. . . - Presumably 
if a group of organisms strictly com- 
parable in all other respects to those 
from which this equation was secured 
were tested on the same behavior 
orm, a value within the sampling 
range of .0305 would again be secured. 


were used (italics 
rather different 
would result.” 

As we understand the foregoing 
statement, Hull believed that the 
Parameter values of his equations 
were characteristic of a population of 
comparable animals treated identi- 
cally but not necessarily characteristic 
of every (or perhaps any) animal in 
the Population. This position finds 
Support in certain experimental work 
indicating that individual organisms 
do differ in their parameter values 
(1, 2). owever, if used in this way, 
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Hull’s equations would consist of laws 
about populations rather than about 
individuals; and their potential use- 
fulness would be greatly altered. 

Two kinds of laws compared. The 
distinction between laws about popu- 
lations and laws about individuals 
deserves emphasis. If a relationship 
is established between an experi- 
mental variable and a response vari- 
able for an individual, it is a law 
about an individual. If a relation- 
ship is established between an experi- 
mental variable and the mean or 
some other parameter of the distribu- 
tion of response measures for a popu- 
lation of organisms, it is a law about 
a population. 4 

Although laws about populations 
have an initial attraction to the the- 
orist, particularly a theorist who 
must defend himself against the claims 
of the idiographic approach, mey 
have a disadvantage which man 
be recognized when they are used. 
Because behavior takes place aaa 
dividual organisms, any mechanis i 
designed to explain behavior chanta 
must be applicable to individua s 
But since both experimental fin z 
ings (1, 2) and mathematical rea Paa 
ing (13) indicate that caua Seay 
based upon group data may di a 
in form or in parameter values tro 
the equations obtained for individua y 
mechanisms inferred from populates 
laws may prove quite unsatisfactoi f 
When there is a discrepancy bei 
these two types of laws, a mechani 
based upon Population laws may 25 

e appropriate to the description al 

ehavior changes in the individ! 
For this reason Hull’s theory m'g ie 
lose much explanatory value if it re 
taken to be a system of laws 2! 
Populations, ta 

On the other hand, a law an 
Population has considerable pci 
value. Once the parameters 
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population law have been estimated, 
Predictions of a very practical nature 
may be made. Thus we could maxi- 
mize the number of crossings of the 
Warden obstruction apparatus (15) 
by a group of sexually deprived male 
rats by employing a 24-hr. depriva- 
tion périod, regardless of whether this 
Period produces a maximal number of 
Crossings in any individual animal. 
Alternative Solutions to the problem 
of individual differences. Clearly, the 
assumption of equal parameter values 
for all organisms which formed the 
basis for equation 16 must be rejected. 
f we accep? Hull’s solution and decide 
to establish laws about populations, 
equation 16 and subsequent equations 
May still be employed. We simply 
take, as the s0'p distribution, one of 
inter-individual differences rather than 
One of intra-individual differences, and 
Proceed as before. With this solu- 
tion the theory remains testable with 
8toup data, but will suffer from the 
elect, previously mentioned, that it 
May not lead to appropriate explana- 
tory mechanisms for the behavior of 
Individual organisms. 
he other solution is to continue to 
treat the sO’, distribution as one of 
tutra-individual differences and to es- 
ta lish laws about the behavior of 
individual organisms. It is to be 
ede! that similar organisms will 
xhibit similar laws, but this must be 
~“Monstrated experimentally before 
sie, be presumed true. With this 
3 ution, data presented for a group 
5 a whole can have little bearing upon 
the Validity of Hull's theory. A 
foretical statement of the relation- 
abi between the experimental vari- 
S © and the mean response for the 
ia will be extremely difficult be- 
Val Se of the differences in parameter 
ues for the different animals in 
€ group. 
choice between these two methods 
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of resolving our problem is not easy. 
Perhaps it is not necessary at this 
time. Research workers may use the 
theory either with groups or with 
individuals, provided that the differ- 
ence between the two usages is recog- 
nized. 


SUMMARY 


A literal interpretation of the postu- 
lates presented in Hull’s Principles of 
Behavior was shown to lead to predic- 
tions markedly different from Hull’s 
empirical equation summarizing an 
experiment upon which his theory 
was based. Without clarification and 
simplification of the theory, it is 
believed that most predictions rigor- 
ously deduced from the theory would 
contradict or at least differ in form 
from Hull’s empirical equations. A 
comparable statement could be made 
for each of the later postulate systems 
developed by Hull. 

Three levels of specificity in predic- 
tion from Hull's theory were dis- 
cussed: First, the prediction of in- 
equalities in response measures from 
inequalities in experimental variables; 
second, the prediction of the general 
form of relationships between vari- 
ables; and third, the prediction of 
numerical values for parameters in 
theoretical equations. The theory 
was seen to be most severely tested 
by predictions of the most specific 
nature. Some of the failures of Hull 
and others to make predictions con- . 
sistent with the theory were attributed 
to the false belief that the deductive 
procedure is necessarily simplified by 
making predictions at a low level of 
specificity. 

Finally, the fact that individual 
organisms differ in their parameter 
values was recognized. Two ways of 
theorizing which are consistent with 
this fact were considered: In one case 
Hull’s equations are taken to hold 
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for the population as a whole, „in 
which case the theory has predictive 
usefulness but may lack explanatory 
value. In, the other case, equations 
are to be established for each organ- 
ism separately, and will be taken to 
describe the process of behavior 
change in the individual, whether or 
not they lead to predictions of be- 
havior in other individuals. 
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i Apparently it behooves a so-called 
Cognitive theorist” such as myself to 
explain how his assumed intervening 
Cognitive and motivational variables 
ever issue into actual behavior. I must, 
it seems, provide some rules or princi- 
ples of performance according to which 
these variables—namely, discrimina- 
tions, expectancies, drives, incentive 
Values—add to or multiply with one an- 
other (or whatever the appropriate com- 
aming operations may be) to produce 
ehavior. Otherwise, as Guthrie (5) 
has suggested, I seem to leave my ani- 
mal (whether rat or human being) 
merely “buried in thought” (though 
why this should be considered so shock- 
ing in the case of a human being I have 
never quite been able to fathom). 

Let me begin by summarizing briefly 
ri basic assumptions. First, I assume 
our distinctive types of independent 
Variables: (a) present stimulus-units; 
k previous presentations of stimulus- 
ee em es it sequences, 

reviated as past (S-R-S)’s; (c) 
Present drive disturbances and currently 
Presented incentive objects; and (4) 
fonetic or early training differences be- 
P een individual subjects (as parame- 

Ts affecting the results from the other 

ree types of independent variable). 


1 
Dresa ented, with some modification, as 
Bye address to the Division of General 
Soci ‘ology of the American Psychological As- 
‘ation, Sept. 7, 1953. 


Secondly, I assume three types of 
intervening variables and intervening- 
variable systems: (a) discriminations 
within a discrimination system; (5) be- 
liefs and expectancies within a belief- 
expectancy system; and (c) drives and 
incentive-values within a drive-incen- 
tive-value system. The three interven- 
ing variable systems are inferred sets 
of dispositions (in the ‘sense of pro- 
pensities of the organism to perform in 
certain prescribable ways under speci- 
fied test conditions). And I assume 
that the momentary activated discrimi- 
nations, beliefs, expectations, drives, 
and incentive values are determined by 
the momentary values of the presented 
independent variables in the contexts of 
these three innate and acquired dispo- 
sitional systems.” Let me elaborate. 

1. The Discrimination System. This 
is to be specified by (a) categorizing or 
nominal dimensions, that is, types of 
general object-classification, of which 
the given organism has become ‘capable _ 
(e.g., most human beings have acquired 


2] wish to express my great indebtedness to 
Professor Leo Postman for his unstinting and 
crucial help in the development of these con- 
cepts concerning the independent and the in- _ 
tervening variables and variable systems. The 
performance principles which I shall propose 
later in this article, though in part Professor 
Postman’s, are at present largely mine—at 
least insofar as the pictorial language is con- 
cerned. Postman does not find this language 


helpful. < 


315 


316 Epwarp C. TOLMAN 


such categories as colors, pitches, smells, 
chairs, tables, trees, other human be- 
ings, etc., etc.), and by (b) the mien- 
sitive dimensions along which the given 
organism ‘has, in addition, become ca- 
pable of making intensity discriminations 
(e.g., specific hues, heights of pitches, 
intensity of odors, comfortableness of 
chairs, sturdiness of tables, shadiness of 
trees, likeableness of human beings, 
etc.). Such categorizing and intensi- 
tive dimensions are uncovered in stand- 
ard situations in which the organism 
is presented with selected arrays of 
stimulus-units and which it is forced 
(or tricked) into categorizing and/or 
discriminating intensitively. In other 
words, the discrimination system is to 
be discovered by the methods of a com- 
prehensive and up-to-date, as well as 
a mathematically sophisticated, psycho- 
physics. Knowing this discrimination 
system, we can thereafter state the spe- 
cific categorizations and intensity dis- 
criminations which are likely to be acti- 
vated when such and such stimulus- 


units are actually presented on any 
given occasion. 


2. The Belief-Exp 
This is to be specifie 


» a subject may show that 


ig of a given tone, Sı, 
he is prepared, Provided he Waits, R,, 


in a given place, for the coming of a 
shock, So, Or again, he May show that 
when presented by the choice point of 
a maze, Sı, he is prepared for a result- 
ant food, Se, provided he turns, Ry, to 
the right. Or he may show that upon 
the presentation of a first syllable, S4, 
on a memory drum he is prepared, pro- 
vided he continues to look at the drum, 
Re, for the coming of a second syllable, 
Ss. Any one such set in the animal, 
which (to distinguish it from the objec- 
tive Occurrences) may be symbolized as 
an (S1-Rı-S1), I would designate as an 
activated expectation. The continued 


Possession by the organism of such a 
set I would call an expectancy disposi- 
tion. An “expectancy disposition 1S 
thus a small acquired disposition of 
greater or less certainty and perma- 
nence, which will tend to lead to an 
activated expectation whenever an a 
stance of the given sign stimuius-unl 
is presented. Such an expectancy 
Position will also tend to be activate 
by other stimulus-units which are a 
the sign stimulus on some common di- 
mension of generalization. Thus, there 
may be groups or families of expectancy 
dispositions in the sense that an array 
of them related by differertt signs may 
all have attached to them similar E? 
pectancy dispositions as to the type a 
significate to be reached, if a eke 
general type of means-manipulatory a 
sponse be carried out. Such a group i 
envelope of related expectancy dispost- 
tions I shall call a “belief dipo naa 
An individual’s expectancy system an 
constituted by the sum of all bis 2 
pectancy and belief dispositions. m 
3. The Drive-Incentive-Value Syst 
This system is to be conceived as a € a 
lection of dispositions to approach Pre 
or consume specific types of postev ad 
centive objects or to escape from an fe 
avoid specific types of negative 1nC aa 
tive objects. These approach (con 
mation) and avoidance (and/or ae 
dispositions depend upon the interac ad 
of two distinguishable independent Ae i 
ables: namely, (a) types and EA 6 
of drive-disturbance, and (b) Pass 
stimulus-units Presented as incentive 
jects. i 
2. Drive-disturbances would be: mp: 
of specific foođ-deprivation, hi ition 
Sex-deprivation in males, time-PS er 
of the female in the oestrus cycle, P 


tions 
I would like to emphasize that. P by A 
about expectancies have been clarifie Je and 
Tecent discussion by MacCorquoda Ke 
Mechl. I wish here to acknowledge 
great indebtedness to them (13). 


— 
——_— 
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centage decrement in bodily weight, 
hours of water-deprivation, amounts and 
prior time of saline injections, intensi- 
ties of just-preceding electric shocks, 
hours of social deprivation, specific rais- 
ings and lowerings of bodily health, spe- 
cial maintenance-schedule with respect 
to a&thetic objects or with respect to 
exercise, etc., etc. 

_5. Incentive objects would be: spe- 
cific foods, liquids, sex objects, groups 
Of individuals of the same or different 
Species, barriers, and distances to be 
Overcome, enemies, friends, present elec- 
tric shocks, poems, paintings, sympho- 
nies, open °windows to look through in 
the case of monkeys (see Harlow [6]), 
etc, 

The character and strength of an 
activated approach (consummation) and 
avoidance (escape) disposition will re- 
Sult from the combination of the par- 
ticular drive-disturbance and the par- 
ticular incentive object presented on 
the given occasion. The sum total of 
drive-disturbance and incentive object 
relations obtaining for a given indi- 
vidual make up his drive-incentive- 
value system. 

„Assuming now that the above brief 
discussion of discrimination dispositions, 
expectancy dispositions, and drive-in- 
centive-value dispositions has succeeded 
M presenting the basic theoretical posi- 
tion, I wish to pass on to the main 
topic of this paper. How on particular 
ah sons—siven the independent vari- 

les of presented sign stimulus-units, 
Previously presented (S-R-S)’s, present 
or disturbances and present positive 
topa eative incentive %objects—do the 
aa a erred resulting then-and-there 
Pansa discriminations, expectancies, 
sae and incentive values interact to 
à uce actual performance? What, in 

ort, are the Rules or Principles of 
€rformance which must be added to 

e system? 
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PERFORMANCES AND THE 
BEHAVIOR SPACE 


I shall illustrate these principles or 
rules in large part by means of what I 
shall call behavior-space diagrams or 
pictures. This notion of a behavior 
space stems, of course, from Kurt 
Lewin’s concept of the life space (12). 
It differs from the latter, however, first, 
in that the structures and processes 
which Lewin put inside his “psychologi- 
cal person” as part of the life space 
have been, in the present analysis, taken 
care of by the three dispositional sys- 
tems of discriminations, belief-expect- 
ancies, and drives and incentive values, 
together with the momentary processes 
activated within these systems. 

Secondly, my behavior space is more 
frankly a merely pictorial way of repre- 
senting certain relationships and less a 
would-be true mathematics or logic. 

Thirdly, I differ perhaps from Lewin 
in that what I am trying to illustrate or 
explain by the behavior space are not 
concrete responses but certain general- 
ized performances. A “performance,” 
as I here use the term, is not something 
that can be observed on a single occa- 
sion but something that can be speci- 
fied only from observing two or more 
concrete behaviors. For example, Tol- 
man, Ritchie, and Kalish in one of their 
experiments on spatial learning (25) 
used a single-unit T maze with two 
vertically opposite, alternatively usable, 
starting stems. And they discovered 
that only by observing the responses of 
the animals from both stems could they 
say whether a rat’s acquired behavior— 
what I am here calling his “performs 
ance”—was that of “taking right-hand 
turns” or that of “going to the lighted 
side.” But, whichever it was, such an 
“always going,to the right or “always 
going towards the lighted side,” would 
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it 
ctancy of food os a result. 
mt pressing lever (90% certainty) 


ao. 


- Sa 
Ve HWN 
rol \l Pressing 
Actor ee ees 


Fic. 1. Behavior-space: rat pressing lever for 
food in a Skinner box. 


be an example of what is here meant by 
a performance,* 

Fourthly, it is to be emphasized that 
a behavior-space diagram will be neither 
a picture of the actual geographical en- 
vironment nor a picture of the supposed 
phenomenological experience of the or- 
ganism. It is rather a merely pictorial 
way of trying to represent the interac- 
tions between the inferred activated dis- 
positions and their consequent determi- 
nation of the to-be-predicted perform- 
ance. For example, my diagram for the 
case of the rat pressing the lever in a 
Skinner box (17) at a certain rate is 
shown in Fig. 1, 

This diagram represents the assump- 
tion that the rat discriminates himself 
as “actor” in the presence of the dis- 
criminated lever, Lr. The pair of dotted 
lines connecting actor to Lr symbolizes 
“immediate presence of the lever.” And 
the diagram represents further the fact 
that this discriminated lever, Lr, has 
become the sign term in the activated 
expectancy. The whole expectancy js 
indicated by the contents of the dash- 
dot ellipse. This expectancy has ac- 
quired, it is assumed, a certainty of 
about 90 per cent and is to the effect 
that if the actor responds by the “per- 
formance” of Pressing, he will get to 


*For this notion of a performance as a be- 
havioral disposition which can be identified 
only by. observing at least two somewhat dif- 
ferent test situations I am indebted primarily 
to Professor Benbow F. Ritchie. (Private 
communication.) But see also a quite recent 
statement of what Seems to ‘be essentially the 
same position by Campbell (2), 
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food, F. Also, the expected food is 
depicted as having a positive valence vy 
indicated by the plus sign. And the 
actor is shown as having an acliva ae 
drive or need-push for food, ee 
by the minus sign, labeled mj, TE 
him. Further, the length of the daang 
arrow, labeled “pressing,” indicates t i 
degree of effort or work i pea ten 
ing to the expectancy, will be invo 8: 
in the pressing. And the actor is are 
as having a drive or need-push agains 
work indicated by the second ae 
sign, labeled 7_, within the actor. et 
nally, the arrow at the left, labeled if 
is a vector representing the’ magnitu 
and direction of the resulting to-be-pre- 
dicted performance of pressing. nt 
Let us consider further for a mona 
need-pushes and valences. I concei cd 
a need-push as, so to speak, that pP a 
tion of a drive which, under the Ex 
crete stimulus conditions of the The 
ment, gets into the behavior space. a) 
Magnitude of a need-push is, in ee 
assumed to be determined not only 
the magnitude of the actual eee 
drive but also by the goodness 0 der 
discrimination of drive stimuli un 
the given experimental conditions. o 
Consider, for example, that ei 
latent-learning experiment which tie 
been called by Thistlethwaite (19) uch 
irrelevant-incentive experiment. MoE 
experiments, during the initial Pre 
period an irrelevant goal object a 
food) is presented in one alley of Soi 
or Y maze, and water, a relevant P 
object (since the animals are in t the 
riod run thirsty), is presented e 
other alley. Then the rats are ! jnal 
hungry and it appears from the ong ) 
experiment of Spence and Lippitt nen 
and from various repeat experi? that 
(see, for example, Kendler [11]) o to 
rats often do noż then tend to Pary 
the food side when first made bu n 
However, it has also appeared fro 


i t 
: thay 
experiment by Thistlethwaite (20) 
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if the animals have had some previous 
training in discriminating their drive 
stimuli, they are much more likely to 
show some initial tendency to go at 
Once to the food side. These two con- 
trasting results would be interpreted, by 
me, as meaning that, although the rats 
have bten made hungry (as would be 
shown by their readiness to approach 
or consume food in the standard situa- 
tion), this hunger drive does not tend 
to be discriminated (i.e., to produce a 
Corresponding need-push in the behav- 
lor space corresponding to the maze) 
unless there has been previous practice 
ìn drive discrimination in a mazelike 
Situation. Further, some recent find- 
Ings by Heyer and O’Kelly (7) indi- 
Cate that tissue dehydration due to sub- 
Cutaneous saline injection will not cause 
appropriate performance in a maze to 
get to water, unless this dehydration 
T been experienced over a consider- 
i € preceding period of time. I would 
nterpret this also as lack of thirst need- 
Pash in the behavior space (except in 
ae actual presence of water itself) un- 
à S there has been plenty of preceding 
5 me to experience and discriminate the 
cae drive stimuli resulting from the 

a'ne-produced dehydration. 
€turn now to the Skinner box. We 
need Probably assume that in it, be- 
ause of preliminary training, the hun- 
a drive stimuli and the nonwork drive 
oo! have become completely dis- 
minated. We may assume in short 
oat the magnitude of the food need- 
a a Corresponds directly to the magni- 
ae of the actual food hunger drive. 
AS finally we may probably also as- 
win, that the magnitude of the non- 
need-push corresponds directly to 

© actual nonwork drive. 

ae hat now about the valences? Val- 
S are conceived as bearing nearly 
e same relation to incentive-values 
Š at need-pushes bear to drives. That 
> the amount of valence which the 
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food pellets will have in the behavior- 
space diagram corresponding to the 
Skinner box will depend not only upon 
the incentive value of such pellets (as 
measured in some standard situation) 
but also upon the discriminability of 
the pellets in the concrete stimulus con- 
text of a Skinner box. And this dis- 
criminability may, hypothetically at 
least, be less than in the standard situa- 
tion. Hence the valence of the food, in 
the behavior space corresponding to the 
Skinner box, could be less (though I 
doubt it) than the basic incentive value 
of such pellets, as measured in a stand- 
ard situation. Similarly, the negative 
valence of the work involved in pressing 
might, in the behavior space correspond- 
ing to the Skinner box, be less than the 
actual negative incentive value of such 
work. But this also seems doubtful. 
Look again at Fig. 1. My final argu- 
ment is that as a result of (i) the need- 
push for food, (ii) the positive valence 
of the expected food, (iii) the need- 
push against work, and (iv) the nega- 
tive valence of the expected work (this 
expected work is indicated by the length 
of the dashed arrow), there results the 
performance vector Pv. It is this vector 
which specifies the direction and magni- 
tude of the to-be-predicted actual per- 
formance. The greater the valence of 
the expected food, the greater the food 
need-push, and the greater the expect- 
ancy that the food will result, the 
greater the magnitude of the perform- 
ance vector toward actually pressing the 
lever. On the other hand, the greater 
the need-push against work and the 
greater the negative valence of the ex- 
pected work and the stronger the ex- 
pectation of this work, the less the per- 


formance vector toward pressing the 


lever. = 
For the sake, now, of the critic who 


dislikes such a pictorial mumbo jumbo, 
it may be pointed out that these rela- 
tions probably can be equally well ex- 
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pressed by an algebraic equation (Equa- 
tion 1). 


Pv = fa (my, Vy, expr) 
° — fy (nws Uws €XPw) [1] 

Here Pv stands for the magnitude of 
the performance vector (i.e., the tend- 
ency to press the lever). And this mag- 
nitude is shown as increasing with the 
values of 7;, v, and exp;, combined ac- 
cording to some function, fz, and as be- 
ing decreased by the values of nw, CES 
and exp,., combined according to some 
function, fy. The exact forms of these 
two functions, f, and f,, I have not at- 
tempted to specify. It may be that 
these functions both have the form of 
simple multiplication. But in any event, 
it is assumed for both of these functions 
that the component variables all operate 
in a positive direction such that the in- 
crease in any one of these component 
variables tends to increase the value of 
the function. 

Still further, the critic will note that 
the first half of the right-hand side of 
this equation is rather similar to Hull’s 
equation for reaction Potential, or sEp 


(9), (which is Presented here as Equa- 
tion 2). 


(Hull) sEr = f (D x Vy 
X K X gHp) [2] 
Hull’s D, or drive, is closely similar 
to my ny, or hunger need-push. His V,, 
or stimulus intensity dynamism, is, how- 
ever, a term I do not have. For me the 
effect of any intensity or a presented 
stimulus-unit such as the stimulus-pat- 
tern resulting from the lever would al- 
ready have been evaluated by an analy- 
sis of the discriminatory dispositional 
system and of the effects in it of in- 
tense or nonintense stimulus-units upon 
the discriminations of Lr and of F. 
Hull’s K, or incentive motivation, cor- 
Tesponds to my valence, v; And his 
sHr, or habit, is an S-R connection 
whereas my expectancy is conceived as 
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an activated (S1-Rı-S2) eper taom 
Further, however, it is to be noted E 
Hull’s equation does not contain t . 
second part of the right-hand side y 
my equation. It may be recalled, rog 
ever, that he does introduce, separately, 
the construct of conditioned sr 
sIr which, if I interpret him cortea 
is somewhat related to what I am aa 
saying about w or expected work. s a 
he apparently subtracts from a ah 
as I subtract fy (nw, vw, €XPw): 
must be pointed out, however, that tor 
Hull inhibition is somewhat ane 
from my concept of expected work nat 
need against work. But in any eve p 
both he and I assume that the Fi 
pected work” or the “conditioned e- 
hibition” gets established through rep 
titions of the activity involved. j I 
Turn now to escape behavior. a 
would feel that, in the usual po by 
cape is not as has been suggesté aa 
the Hullians primarily a getting- aie 
Positive valence attached to the K a 
tion of pain but is rather SEDRE 
getting-away from the negative V Ape 
of the shock itself. Such an i E 
tion is represented by Fig. 2. In mere 
the jumping is represented as @ 4 the 
leading away from the grid. An direc- 
animal will merely jump in any 
tion easily available. OR 
Turn A to avoidance beha aA 
Avoidance behavior has alnas psy- 
something of a problem for S- some 
chologists. This point was mai (8) 
years ago by Hilgard and Mat eee 
and has recently been re-emP sis 
and subjected to a further analy: 


Expectancy of continued shock 
rom being on grid (90% certainty) 
—. 


N 


ing fO 
Fic. 2. Behavior-space: rat escap! 
charged grid. 
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Ritchie (16). In avoidance behavior 
the performance vector results, accord- 
ing to my language, from the expecta- 
tion that going to the grid is going to 
lead to shock, And this performance 
vector pushes or pulls the animal away 
from the grid even when he is not on it. 
The negative need-push against shock 
will lead, not as in the escape case 
merely to getting off the grid after the 
shock has come, but rather to the per- 
formance of avoiding the grid alto- 
gether, See Fig. 3. In such a case, 
Pain never occurs and hence there is no 
Pain to be reduced. Mowrer (14), of 
Course, is the one among the stimulus- 
Tesponse-oriented psychologists who has 
Most clearly seen this. And he has 
Solved it by postulating a conditioned 
anxiety to the whole grid ‘box, the re- 
duction of which constitutes positive re- 
inforcement. Now while I would ac- 
cept something like Mowrer’s inter- 
Pretation for many instances, I do not 
elieve that anxiety is always or neces- 
Sarily involved. The skilled human sub- 
Hes who has learned to lift his finger in 
ime to avoid a minor shock is not usu- 
ay, , I believe, suffused with even a 
PO RIN of anxiety. He responds so 
= to avoid the shock, quite unemotion- 
Y and purely on the basis of his ex- 
aed his need-push, and the nega- 
nine valence of the shock. He expects 
ace in a certain place at a certain 
€, provided he goes to or stays m 
Bek Place, and his performance is one 
Ol avoiding that place before that time, 
a quite relaxed, nonanxious fashion. 
cay: however, it is to be noted 
and although my diagrams for escape 
6 avoidance are different from that 
oF approach, my algebraic equation for 
er escape or avoidance would be of 
E, Same form as that for approach 
quation 3). 
Py — 


fe (CAR W_shy expen) 
— fy (nws Va; xP) 


[3] 
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Expectancy of coming shock from 
going to grid (90% certainty) 


a 


Py 
Keeping away 


gri 
from grid 


Behavior-space: rat avoiding grid 


Fic. 3. 
from which shock is expected. 


The greater the need-push 7_,, against 
shock, the greater the negative valence 
vs, of the particular shock and the 
more certain the expectation exps, (or 
immediate discrimination of shock), the 
stronger will be the performance vector 
leading to behavior away from the sign 
of pain (in the case of avoidance) or 
leading to the leaving of the pain-ob- 
ject (in the case of escape). And the 
greater the need against work nw, the 
greater the negative valence vw» of the 
particular work involved in the escape 
or the avoidance and the greater the ex- 
pectancy of this work, the smaller will 
be the Pv toward escape or avoidance. 

It is to be noted further, however, 
that, in the avoidance case, w, Or the 
expected work involved between sign 
and significate, can be large and lead 
to relatively weak avoidance of the sign 
as a result of a number of relatively 
different physical reasons. The w may 
be waiting a long time for the shock. 
Or it may involve doing some special 
further act such as pressing a treadle 
for the shock to appear. Or, to take a 
quite different example, where the sig- = 
nificate is not pain from shock but pain 
from a rat-hungry cat, w might involve 
the breaking down of a tough barrier by 
the rat between it and the cat. In all 
three cases the avoidance response of « 
the rat will be relatively weaker than it 
would have been if these interVening 
w’s had been small. 

But up to now you may well feel that 
my formula and Hull’s are not signifi- 
cantly diferent. And, if you do, so 
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much the better. It would indicate that 
there has been really much common 
agreement between us in spite of dif- 
ferences of.words, phrases, and slogans. 
However, when it comes to cases 
where not one but two or more alterna- 
tive performance tendencies are involved 
and result in some quite new perform- 
ance—such, for example, as taking a 
compromise path between two original 
ones, taking a shortcut, taking a round- 
about route, VTEing, or the like—then 
depicting the situation by means of the 
behavior space becomes (to me) more 
helpful and suggestive. (And, of course, 
not to renege on my basic Position, my 
own “private style of thinking,” to 
quote Kendler [11], is such that I can- 
not easily think about the interaction 
of a single sign, expectancy, need-push, 
and valence without first seeing these in 
some sort of spatial terms.) But turn 
now to the new problem of combining 
two expectancies, I shall introduce 
here a new concept, that of the angular 
dispersion between expectancies, 


This concept of angles is tricky and 


I know I am not wholly clear on it, It 
is one that Lewin also bogged down on. 
Nevertheless let me present, as an ill 


us- 
tration, one type of compound perfo 


rm- 


WHITE vs, BLACK 


Fic. 4a. Behavior-space, early in discrimi- 


nation learning, -White card versus black 
card. Much VTE s 


ance which I would explain with the 
help of angles, namely, VTEing (vicari- 
ous trial and error). The explanation 
will be closely related to, but in PT 
ways different from, that which Clar 
Crannell and I evolved some years a 
(21, 22) in connection with what a 
then called the “schematic sowbug. 
Actually, anyone who read the ie 
Papers may have already recognize 
that the actor as I have presented ee 
here is no more than a modern, and 
hope a less complicated, version of mY 
old friend, the schematic sowbug. a 
There are two sets of empirical a 
ings as to VTEing to be emphasize 5 
(a) Early in learning, just before i 
just as) the rats begin to react to es 
crucial sign dimension, they tend ae 
more VTEing when there is a large o 
criminable difference between the me 
cards than when there is a small oe 
They VTE more for a white card vs- A 
black card than for a white card bio 
light gray card (21). (b) Later, ho 
ever, when they have had much eae 
ing experience in discriminating EE 
the white-gray-black dimension, t i- 
tend to VTE more when the aise z 
nable difference between the two ca r 
is small (24). They VTE more ite 
white vs. light gray cards than for W 
vs. black cards, io 
Consider first the behavior-space Pi 
tures early in learning when the for 
VTE more for the white-black pone 
the white-gray. (See Fig, 4a and 
4b.) 


is 
In Fig. 4a the actor (the sowbug) 5 
in the white-black situation and T have 
4b in the white-gray one. And orre- 
assumed that white vs. black © the 
sponds to a 99° angle relative fa 
actor’s (sowbug’s) nose, p E 
white vs. gray corresponds to & pi this 
angle. Ihave also assumed that 28 in 
early part of learning there cate n 
addition to the hunger need-pus d-pus 
more purely cognitive sort of nee 


a 


4 
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to examine new stimuli, 79,. The need- 
Push corresponding to this cognitive-ex- 
amination drive I have indicated by a 
minus sign in the fore part of the actor 
or bug. I have also assumed that both 
the stimulus cards have for a while, 
as new stimuli, positive valences for 
this cognitive-examining drive. That is, 
there will be performance vectors push- 
ing the actor to “look at” each stimulus 
Card. These vectors are those indicated 
at the rear of the bug. In addition, I 
ave indicated, by putting in F (for 
food) With a plus valence on it on both 
Sides, that at this early stage of learn- 
Ing there Faye developed expectancies 
that going toward either card may lead 
to food. And for the diagram to be 
complete there should also be another 
Pair of shortish vectors pushing the bug, 
as a result of these expectancies, to jump 
towards each card, 


J Shall assume further (and here I 
3 assuming very much what Glanzer 
: as Proposed in two recent ar- 
lena which he was concerned with 
OS pa behavior in a symmetrical 
an that in the course of looking at 
fie card the valence of this card as 
mething to look at and examine” 

0 become temporarily discharged 
d. This then weakens, for the 

» the vector for looking at this 
he actor then turns to look 

this i er card. The vector toward 
satiat er card, however, then becomes 
M its turn; whereas the vector 

mg at the first card becomes 
nd © again. So the rat looks back 
» or VTE’s, until satiation for 
is » as far as looking or examin- 
In's m E a has become complete. 
takes ae e rat VTE’s until jumping 


ticles in 


Ook 


° explain further why there is more 
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VTEing for white vs. black (Fig. 4a) 
than for white vs. gray (Fig. 4b) I 
shall also assume that since in the case 
of white vs. black the two cognitive- 
examination vectors are at right angles, 
the reduction of one of these vectors 
through satiation has no effect on the 
other. The rat gets temporarily sati- 
ated for white but he still wants to look 
at black, and vice versa. In the case 
of the white vs. gray, on the other hand, 
the two examining vectors are at a nar- 
Tower, acute, angle which means that 
the shortening of one vector through 
satiation projects upon and tends to 
shorten the other. Looking at white 
reduces temporarily not only the vector 
to look at white but also the one to look 
at gray, and vice versa. Hence early in 
learning or just before learning there 
will be less VTEing for white vs. gray 
than for white vs. black. 

Consider now the situation later in 
learning. The original cognitive-exami- 
nation drive is assumed now to have þe- 
come wholly satiated. The vectors cor- 
responding to it will have disappeared. 
But expectations have begun to build 


WHITE vs. GRAY 


pam — 
An á 


Fic. 4b. Behavior-space, early in discrimi- 
nation learning. White car versus gray card. 
Little VTE. a 
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the effect that, in the one case, 
cae leads to food and black to no 
food, and, in the other, that white leads 
to food and gray to no food. _ These 
situations are represented in Figs. Sa 
and Sb. 

The vectors are no longer ones for 
looking, but ones for jumping to white 
(as sign of food) and for not-jumping 
to black (as sign of nonfood). In the 
white-black case (Fig. 5a), because the 
two vectors are at right angles the 
negative vector “away from the black” 
does not affect the positive one “to- 
ward the white,” and vice versa. In 
the white-gray case (Fig. 5b), on the 
contrary, since the two arrows are at an 
acute angle, the negative vector “away 
from the gray” does tend to project 
upon and reduce the positive vector “to- 
ward the white”; and the positive one 
“toward the white” projects upon and 
decreases the negative one “away from 
the gray.” And this means in the white- 
gray case that until the expectancies be- 
come very certain and the vectors very 
long, the reduction of the positive vec- 
tor by the negative one and vice versa 
will be sufficient to keep the rat in un- 
stable equilibrium so that VTEing will 
tend to continue much longer. 


— WHITE vs, BLACK 


Fic. Sa, Behavior-space, later in discrimi- 


nation learning. White card versus black 
card. Little VTE; 2 


Now, for the sake of the nonvisually 
minded critic, let me here suggest that 
perhaps a more respectable and conven- 
tional way of talking would be to say 
merely that early in learning there is 
more generalization of satiation of the 
cognitive examining drive from white to 
gray than from white to black; whereas, 
later in learning, there is more generali- 
zation of acquired approach and avoid- 
ance tendencies from white to gray than 
from white to black. More generaliza- 
tion of satiation for “looking at” early 
in learning means less VTEing between 
white and gray, whereas more gener- 
alization of approach and avoidance 
tendencies later in learning means more 
VTEing between white and gray. Actu- 
ally, however, I suspect that such 4 
more “respectable” way of talking E 
really just as confused and as full o 
hidden assumptions as is my pictori 
way. In any event, the pictorial i 
Suggest to me (and I emphasize #0 Wei 
a greater number of further experime 
to try out than do the purely verb 
ones, a 

The topic of this paper was “P es 
ciples of Performance.” And by 4 P® 


WHITE vs. GRAY 


aii 
Fic. 5b. Behavior-space, later in z ard 
nation learning. White card versus 8! 

Much VTE, 


sy 


x Wid 
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formance was meant, as has been said, 
a generalized way of behaving to be dis- 
Covered and specified only by observing 
the responses in at least two and per- 
haps more concrete test situations. Fur- 
ther, a performance when thus discov- 
ered is identifiable only in general terms, 
Such 4 approach, consummation, es- 
Cape, avoidance, vicarious trial-and-er- 
Tor examination, or the like. The mo- 
tor skill characteristics involved in such 
2 Performance are not included in its 
efinition, Only in a very general way 
May a performance be further specified 
as a “looking at,” a “jumping to,” a 
„Tunning down,” a “pressing,” an “eat- 
mg,” or a “drinking.” The point of 
View being argued for is that perform- 
a and not movements or skills are 
iment We ought now, at the present 
deta to try to explain or to predict in 
dition Under certain controlled con- 
readin, We can use movements as pointer 
not sare for Performances but we can- 
ently as Predict movements independ- 
they of the Performances within which 
out aes As Brunswik has pointed 
ents ), all kinds of different move- 
e aod skills may vicariously substi- 
and hn One another and produce one 
ance © same achievement or perform- 
ar a Ovements and skills in his terms 
n ee mediational, peripheral phe- 
„œ It is the “distal,” not the 
” characters of S’s and R’s to 
am suggesting that we devote 
for the time being. This is 
ne nest and my bias. 
terestin ast word. Most of the really in- 
aS the % Problems of psychology—such 
On perce 'Stortion effects of motivation 
are so Ption (and I still believe there 
have 6 ©) or again those facts which 
enin © with what I have called the 
(235 a narrowing of cognitive maps 
Th, ill eventually find their place, 
Cations ©, under the heading of compli- 
Or e principles of performance. 


? to 
use the language of this paper, 
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they will turn out to be describable in 
terms of interesting complications and 
interactions between the performance 
vectors, as these complications and in- 
teractions appear in particular behavior- 
space setups. 
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A NOTE ON SECOND-ORDER CONDITIONING—AND 
SECONDARY REINFORCEMENT 
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Queens College 


InoPrinciples of Behavior (12, ch. 7), 
Hull set up second-order conditioning 
as a sort of fulcrum of his much used 
Construct of secondary reinforcement. 
And, except for Skinner (30, p. 245), 
other CR learning theorists seem to re- 
gard it, too, as quite a general CR 
manifestation (19, 22, 28, 31). In- 
deed, one:gets the impression that most 
Of these theorists subsume second-order 
Conditioning under secondary reinforce- 
ment in the sense that an S-R or R 
that is able to reinforce another S-R or 

~ Must ipso facto be able to condition 
(in a classical manner) the other S-R 
or R to itself (19, pp. 438, 457; 22, pp. 
30-433; 28; 31, pp. 697-699). Fro- 
lov’s experiment (7), reporting that the 
Sight of a black square paired with a 
Conditioned sound of a metronome came 
to Produce by itself conditioned saliva- 
tion, is widely quoted in textbooks and 
in integrative summaries and reviews of 

e topic, 

Yet the fact remains that, as directly 


observed in the laboratory, second-order 


conditioning is a rather uncommon and 
stable phenomenon. Of the 347 Rus- 
an 


reports on classical conditioning of 
— and monkeys that the writer has 
paged to see only eight (4, 6, 7, 9, 
16, 17, 33) + offer accounts of any 
e of successful second-order condi- 
a mg. Much more commonly—in 63 
Parate investigations—nonreinforced 
* Referen, 
^ Per; 
(gP ectively i 


i ce to the original reports of the 
ments by Froloff and by Lindberg, cited 
n Pavlov’s Conditioned Reflexes 
Nesda, and in Pavlov’s Pavlovian Wed- 

ae io Pp. 196, 201, 224, 241), could 
D . ‘Ound in any Russian bibliographical 
hori cal, The writer assumes that such re- 

ave never been published. 


pairings of conditioned and noncondi- 
tioned stimuli are reported as resulting 
in conditioned inhibition; that is, the 
second-order to-be-conditioned stimuli, 
instead of evoking a CR come to in- 
terfere with it when they are applied 
simultaneously or shortly before the 
first-order conditioned stimuli. (In an 
even larger number of cases, as might 
be expected, the Russian protocols show 
that the pairing produces no effect at 
all; or, as Pavlovians usually put it, 
“the animal’s nervous system was too 
excitable” [or insufficiently inhibitable 
—one would seem to have it either way 
in that system] “to develop the condi- 
tioned inhibition.”) True, a greater 
frequency of second-order conditioning 
may be found in Russian experiments 
with lower animals (hermit crabs 18; 
fish 8); with school children (10, 20, 
23, 29—more often with Ivanov-Smol- 
ensky’s instrumental than with Kras- 
nogorsky’s classical technique); and 
with adult human subjects (1, 13, 15, 
21). But even here, results are at times 
sporadic and the finding itself poses 
some special questions. Moreover, no 
bona fide second-order conditioning has 
ever come out of any American labora- 
tory,* and the writer has never been 
able to demonstrate it in any of his se- 
ries of studies with “misinformed” sub- 
jects in whom most other behavioral 
Pavlovian findings have been corrobo- 
rated. 


2 The experiments by Culler and Finch (5) 
and by Brogden and Culler (2) are a some- 
what special case, inasmuch as the higher- 
order to-be-conditioned stimuli were com- 
bined with a thoracic shock as a “motivator” 
or reinforcer (pedal shock Was the uncondi- 
tioned stimulus). @ 
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If second-order conditioning is thus 
not a general but a very special CR 
manifestation, two hypotheses would 
seem to be suggested by the studies in 
which it reportedly has manifested it- 
self. One—which the writer intends to 
reject—regards second-order condition- 
ing as merely an artifact of reacti- 
vated CR stimulus generalization or, as 
Woodworth and Schlosberg term it, 
CR stimulus nondifferentiation—a more 
descriptive term than the writer’s 
CR stimulus pseudo-generalization. It 
might, for instance, be argued that, 
while nonreinforced applications of non- 
conditioned stimuli by themselves im- 
prove, through contrasts, CR stimulus 
differentiation, nonreinforced combined 
applications of nonconditioned and con- 
ditioned stimuli (method of second- 
order conditioning) on the contrary 
reactivate, through confusion, CR stimu- 
| lus nondifferentiation. Hence; second- 
order stimuli may well evoke CR’s for 
which they originally were ineffective. 
Reactivated CR stimulus nondifferentia- 
Ẹ is quite frequently reported by 
Russian laboratories when subjects are 
administered some drug or undergo sur- 
gery or succumb to illness or are merely 
confronted with a difficult task of dif- 
ferentiation (also, after a lapse of time) 
—and presumed second-order condition- 
ing might conceivably be another ex- 
ample of it. 

To be sure, such an assertion could 
be readily checked by series of CR non- 
differentiation tests before and after 
second-order training sessions, But, 
unfortunately, no account of such tests 
could be found in the Russian CR re- 
ports, and their finding of more second- 
order conditioning in lower animals 
(whose capacity for differentiation and 
for learning in general is admittedly 
underdeveloped) than in dogs and mon- 
keys would seem to indicate further an 
“artifact-nondifferentiation.” view. Yet 


this view is strongly opposed hy two 
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separate sources of evidence. (a) in 
three otherwise well-controlled Russian 
studies—two with dogs (4, 16) and 
one with monkeys (17)—second-order 
conditioning persisted in its original 
form even after its first-order condition- 
ing was “transswitched,” i.e., changed 
from food to defense CR’s, and» vice 
versa. (ò) All second-order CR’s in 
dogs and monkeys were best formed— 
whenever they were formed at all— 
when their first-order CR’s were well 
established and hence at a minimum 
of stimulus nondifferentiation. Conse- 
quently, the hypothesis of second-order 
conditioning as an artifact aad a case 
of stimulus nondifferentiation might bet- 
ter be rejected as an over-all interpreta- 
tion of the phenomenon, even though it 
might still be retained as a plausible 
account of its alleged manifestation 7 
fish and invertebrates, 

The second hypothesis, taking its cue 
from Russian CR studies of school chil- 
dren, would maintain that second-order 
conditioning, unlike first-order condi- 
tioning, requires some sort of organismic 
Cognition to be established. And Der 
the writer would like to present direct 
evidence from one of his own experi- 
ments. In this experiment, food was 
used as the unconditioned stimulus, the 
sound of a metronome and the flashing 
of a green light were the first-order it 
Second-order to-be conditioned stimu 3 
and salivation was the unconditione 
reaction. The 15 adult human subjects 
in the experiment were divided equa r 
into a “misinformed” group and m 
“informed” ones: one “informed wit i 
Out suggestion” and the other i a 
formed with suggestion.” The et 
formed group was told in the first-order 
Conditioning that “the purpose of i 
experiment is to study the effects À 
auditory fatigue upon digestion ai 
in the second-order conditioning t} 
they were “tested to find out en 
affects digestion more, auditory or VÍS 
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stimuli.” On the other hand, the in- 
formed-without-suggestion group was in- 
structed about Pavlov’s work with dogs 
and told that “the purpose of the ex- 
periment is to find out whether human 
Subjects condition similarly,” while the 
informed-with-suggestion group was told 
that human subjects do condition like 
Pavlov’s dogs and that “the purpose of 
the experiment is to gather more data 
on the subject.” 

The results—scores in terms of £ 
values between conditioned and control 
Salivation—are presented in Table 1 
and are quite clear-cut. The informed 
Soups, particularly the informed-with- 
Suggestion group, manifested a consid- 
erable amount of second-order condi- 
tioning, whereas the misinformed group, 
whose first-order conditioning was by 
all tokens more regular and greater 
a that of the informed groups did 

_ The hypothesis that second-order con- 

itioning needs cognition to be ade- 
quately effected is not for the present 
Concerned with the nature of the cog- 
nition needed. The distinction between 
cognition and noncognition is so far a 
Purely global-operational one: the dif- 
erences obtained between subjects who 
able and who do not know that they 
R S being conditioned. Specific con- 
©ptualizations of processes involved in 
abe, eition might better be held in 
on yance until after specific experi- 

nts have been devised to test them. 
ie the hypothesis does not of 
A i deny such cognition to animals. 
Derin maintains is that in typical ex- 
ments of classical conditioning, ani- 

a" Subjects manage ‘only occasionally 

“Xercise adequate cognition while as 
pele they fall short of it simply be- 
h ae they do not cognize what their 
niz an experimenters want them to cog- 
etant r do. (In instrumental or op- 

e conditioning, in the writer’s esti- 

on, animal subjects “catch on” more 
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TABLE 1 


SECOND-ORDER SALIVARY CR's oF 15 ADULT 
Human SUBJECTS as DEPENDENT 
UPON THEIR COGNITION OF 
THE CONDITIONING 


(Scores are t values (df = 35) between con- 
ditioned and control salivations, and are in 
all cases results of three 50-min. training 
sessions.) 


Groups Tested 


Stimuli Tested 


isi Informed | Informed 
DMisiny | Without | With 
Suggestion | Suggestion 
1. Metronome (first- 
order stimulus) 24.5 2.9 15.4 
2. Green light 
(second-order 
stimulus) 6 1.9 3.6 


readily since there, as often stated, 
the to-be-conditioned or to-be-reinforced 
S-R or R produces, and not merely ac- 
companies, the unconditioned or rein- 
forcing S-R or R.) 

Elsewhere (25) the writer has postu- 
lated—upon the basis of an array of 
experimental evidence—a central cog- 
nitive factor in stimulus generalization; 
and here, in second-order conditioning, 
such a factor seems to him even more 
likely to be operative. And in both 
cases, it needs to be repeated, the ar- 
gument rests upon the same two con- 
vergent considerations: (a) the differ- 
ences between “knowing” and “unknow- 
ing” human subjects (partly also the 
“introspections” [sic!] of the subjects) 
with respect to the CR characteristic 
in question as found by the writer; and 
(b) the irregularities in the character- 
istic as evident in the large number of 
studies with animal subjects in the Rus- 
sian laboratories. Basic irregularities in 
a phenomenon like conditioning, the 
data of which come from several hun- 
dred well-controlled experiments of a 
uniform design, cannot, the writer Posits, 
be resolved by merely negating the phe- 
nomenon or ignoring the irregularities. 
Rather, they call for supplementary as- 
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sumptions, which is what is proposed 
tee if second-order conditioning is 
difficult to obtain and maintain in ani- 
mals, and it seems to need cognition to 
be set up in human beings, what about 
secondary reinforcement per se, con- 
ceived independently as the capacity of 
a conditioned stimulus to reinforce more 
or less permanently another reaction? 
In the writer’s opinion, the answer is 
essentially the same. True, the labo- 
ratory evidence for secondary reinforce- 
ment in animals—while never too criti- 
cally appraised—seems, to date, to be 
more consistent than that for second- 
order conditioning. Yet, as an isolated 
force, secondary reinforcement is, too, 
as any mere inspection of the data of 
its several experiments * reveals, very 
impermanent, very extinguishable, and 
quite ancillary and immediately depend- 
ent upon primary reinforcement. Thus 
there is here, too, a far cry from the re- 
sults obtained (several experiments) to 
the phenomena (the vast area of man’s 
cultural behavior) which are purported 
to be explained—and lots of room is 
left for supplementary accounts. 
Twenty years ago, in a critical analy- 
sis of the entire CR area in phylogeny 
and ontogeny, the writer suggested what 
he then called a “reservoir theory” of 
relative CR permanence and “unextinc- 
tion”—viz.: “. . . the emergence some- 
where in the evolutionary scale of an 
organismic pattern, perhaps the cortical 
representation of the vocal or proprio- 


®The “reinforcement” of secondary rein- 
forcement must obviously go beyond the mere 
occurrence of the conditioned reaction, thus 
excluding a number of experiments that have 
been bracketed with it. A guinea pig running 
away from a cage in which he had been 
shocked, or a dog retrieving an object that 
had been associated with food, or even a col- 
lege student reporting a food sensation to a 
conditioned Metronome, are cases not of sec- 
ondary reinforcement but of primary condi- 


tioning A 
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ceptive parts of the conditioning. [un- 
conditioned] and conditioned stimuli, 
that acts as a reservoir of associational 
‘energy’ and makes the strength and 
existence of a connection or C-R inde- 
pendent of the ‘energy of’ or ‘reinforce- 
ment by’ the original stimulus that 
caused the C-R or connection %o be 
formed” (24, p. 108). And more re- 
cently, in studying the “interiorization 
of conditioned attitudes,” he found that 
“to attain some permanence, to stay 
conditioned, conditioned attitudes re- 
quire some post-conditioning yerba 
tion which seems to act as some sort of 
consolidator of the conditioned cnet 
(26, p. 3). Consequently, it ou 
seem reasonable to assume that secone- 
ary reinforcement, too, may fall within 
the category that needs verbaliziti™ 
and/or cognition to become a patt o 
man’s permanent behavior repertoire., 
On the other hand, the writer wou 

contend that conditioning in which the 
unconditioned reaction or the primary 
reinforcer is a dominant biological Ae 
tivity—that is, primary or first-order 
classical conditioning or primary instru 
mental or operant conditioning —n¢r" 
not invoke cognition for its initiatio 
and maintenance (even if cognition Te 
well affect its operation). The basis 
such a contention is plain. Ca 
conditioning is quite effective in & V 3 
riety of instances in which the assump 
tion of cognition would be patenty 
gratuitous. Consider, for instance; a 
conditioning of decorticated and 32) 
tized animals (11), of paramaecia ( s ’ 
of coelenterates (34), and, above i 
the large volumg of successful ora 
tioning of all types of visceral reflese* 


ical 
*It need also be mentioned that noncis e 
reinforcement learning (or conditioning com- 
mittedly takes place in settings in which, ea i 
pared with classical conditioning, cognit iy to, 
more likely to be available and more ton 
be utilized (skeletal vs. autonomic ponse 2 
choice, or at least more choice of, resP' 
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including viscerovisceral ones, that the 
Russians have reported in recent years 
(cf. 3, 27). And, while there is no evi- 
dence for “primitive” primary condi- 
tioning of the instrumental-operant type, 
there would seem to be—at least for 
the present—no methodological advan- 
tage and no “ontological argument” for 
invoking cognition as the sine qua non 
for its coming into being. 

But all this does not in any way 
negate the hypothesis of the cognitive 
nature of second-order classical condi- 
tioning and of secondary reinforcement. 
On the contrary, it corroborates a view 
that the writer has held for some time— 
namely, that the learning of anything, 
whether it be a movement or a motive 
or an act or an attitude, must depend 
directly on either some source of spe- 
cific biological energy or some center of 
general cognitive direction (whatever 
the ultimate nature of the energy—or 
the correlated energy—of the latter). 


Tn learning, the writer is an unabashed 
dualist. 
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PSYCHOLOGY FROM A BIOLOGIST’S POINT OF VIEW 


C. JUDSON HERRICK 
Grand Rapids, Michigan o 


Tue Basic PROBLEM 


A student of the philosophy of sci- 
ence might be tempted to say there are 
as many biologies as there are biolo- 
Sists, if account is taken only of the 
men whose exceptional insight and pro- 
ductiveness have guided the growth of 
the science. The same may be true of 
Psychology, and perhaps we can do no 
Detter than®accept Cattell’s character- 
Istic definition—“Psychology is what 
the Psychologist is interested in qua 
Psychologist.” There are, however, 
ome general principles about which 
aos eists and psychologists are in sub- 
ciple ial agreement. One of these prin- 
ae Is that no factual findings have 
fitted ific Significance until they are 
int into the appropriate niche in the 

grated system of knowledge. 
oe neurologist finds this orientation 
Saly difficult because almost all 
ot is aaa and activities of men and 
and eae involve nervous functions 
oe 1s field has no boundaries. The 
Aide brain is the most important 
eile the world, for, as Gibbs (1) 
tory nee it, “Human history is a his- 
race” Pe brain activity of the human 
A 1505). This relationship ties 
also or closely with psychology and 
every athe: geen sociology, = 

o OR uman interest. But when 
Wher Tologist tries to find out just 

€ his findings tie in with psychol- 

Psychol 1s puzzled. Thore are so many 

is Ogies that one wonders what it 
all about, 


e 


the en terested spectator who sits on 
ODposins Watching the game sees two 
a goo, iit teams and, on the side lines, 
Who go” 2umber of other psychologists 

© not join either faction. In one 
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team the partisans of traditional dual- 
ism contend for a sharp separation of 
the conscious, or “spiritual,” activities 
from the unconscious, or “physical,” 
thus splitting the world as we experi- 
ence it into two universes, one of which 
has been characterized as “spiritual re- 
ality” or “ideational reality” and the 
other as “physical reality.” Opposed 
to these radical spiritists are the mecha- 
nists, who insist that, since the search 
in both science and philosophy is for 
unifying principles, and since it has not 
been possible to explain how a non- 
physical agency can act upon a physi- 
cal structure so as to influence human 
conduct, we must search for physical- 
istic principles of sufficiently wide im- 
port to embrace all the known phe- 
nomena. 

The more radical members of the 
second group, apparently accepting the 
traditional doctrine that anything “spir- 
itual” is ipso facto nonphysical, take 
the easy way out and deny that con- 
scious experience of any kind has sci- 
entific or operational significance. This 
despite the fact that the very denial is 
a conscious act. This exclusion of ev- 
erything mentalistic from psychology is 
obviously a defense reaction against the 
primitive animistic mythologies which 
still survive in every human culture.- 
But even though mind is called an epi- 
phenomenon, it is nonetheless a phe- 
nomenon, a natural event, and a place 
in the system of nature must be found 
for every natural event. k 

The spiritists’ quest for a psychology 
released from the limitations imposed 
by the laws of the physical world, and 
the objective psychologists’ insistence 
that only, observable physical processes 
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are significant for psychology, seem 
to be irreconcilable. The controversy 
points again to the fact that the basic 
problem of psychology is, as it always 
has been, the exact nature of the rela- 
tionship between our knowledge of the 
objective world and the subjective ex- 
perience of knowing and all other con- 
scious acts. 

My purpose here is to examine, from 
the standpoint of mechanistic biology, 
some of the diverse fields of inquiry 
which must be integrated before this 
basic problem can be formulated in ac- 
cordance with physical, physiological, 
and psychological principles now gen- 
erally accepted. The divisive tendencies 
of current scientific movements are re- 
tarding progress. 

The key factor in the current con- 
troversy about the nonphysical nature 
of the human spirit really hinges on a 
definition: Just what do we mean by 
physical structure and what are its 
properties? We must define the physi- 
cal before we can talk rationally about 
the nonphysical. A brief summary of 
a few principles of current physical sci- 
ence is prerequisite to further consid- 
eration of the meaning of the word 
“physical” in biological and psycho- 
logical contexts. 


PHYSICAL SCIENCE or Topay 


The history of ideas about the na- 
ture of the physical world records three 
revolutionary periods. The Greek pe- 
Hod, typified by Aristotle and Euclid, 
dominated formal thinking for two 
thousand years and is still influential. 
Beginning in the middle ages a second 
revolutionary period culminated with 
_the Newtonian system of mechanics. 
The third period began with the twen- 
tieth century, as exemplified in rela- 
tivity and quantum mechanics. Tt is 
still in its infancy and its findings are 


more revolutionary than any of the 
preceding. 


The fundamental conceptions of phys- 
ics are in flux. New methods have re- 
vealed new facts which require new 
principles, and some principles formerly 
regarded as axiomatic are now suspect. 
The absolutes of earlier times are now 
treated relativistically, with radical re- 
organization of the science of mechan- 
ics. ; 

To put it briefly, natural science to- 
day regards our cosmos as a stupendoy® 
mechanism (physicalism) composed A 
innumerable subsidiary ‘mechanisms, @ 
bound together in accordance with lam 
fully ordered principles. We do no 
adequately understand any thing or pad 
event until we know the sree 
that produces it and the principles 1! 
accordance with which it operates. e 
mechanism is defined by D’Arcy THORE p 
son (7) as“... whatsoever checks 2 
controls, and guides into ae ie 
paths, the workings of energy tne 
291). Accepting this definition, ; 
science of mechanics deals with eram 
and the “whatsoever” that controls 1 
workings. y 

he aeai makes some ee 
kind of product and the nature 0 ee 
product is the crucial issue in its ie 
ganization. This product may be or 
terial arranged in a different we 
place, or energy in a different pa ite 
of manifestation. Or it may be into 
transformed into energy or one ie 
matter, for these are known to 


ae eas- 
terconvertible in quantitatively on 
urable relations (Einstein’s ere this 


equation, E = Mc?), In view m 
last point the distinction peve T 
ter and energy becomes rather nergy 
and any manifestation of an © 
change is a physical event. hysi- 
The belief now current among Pi. 
cists is that the various kinds of h i 
are relatively stable and differe? 
terns of energy. There are no ae mal, 
kinds of energy. The so-called differ 
electrical, and other energies are 


= 
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ent patterns of manifestation of one 
common measurable quantity which in 
our ignorance we call energy. Nature 
as a whole is process. There is noth- 

Ing static about it anywhere. 
In a natural mechanism the mate- 
tials and energies used may come from 
a.wide field and the product made is in 
turn delivered to the surroundings. It 
follows that the active structure, the 
machine itself, must be so defined as to 
include the entire field with which it 
has transactional relations. The mis- 
taken popular notion that a machine is 
a passive inert structure operated by 
an outside agent is derived from the 
artificial machine with a human op- 
erator. It is true that a lathe in a 
machine shop has no value as mecha- 
nism without the operator who starts 
it, stops it, and controls its action. 
his means that, from the operational 
Standpoint, the operator must be re- 
ae as an integral part of the mecha- 
n In natural mechanisms it is more 
5 ent that the operator is inside the 
apparatus, The apparatus itself is the 
e sator; that is to say, the machine 
ee itself, No natural mechanism 
ea a djinn or any external operator 
S8 H it or tell it what to do. This, 
Sla elieve, is as true of a man as of a 

T system or a volcano. 

lassical physics as formulated in 
A mechanics deals with inert 
Particles of matter which differ in 
Sue and are pushed about by forces 
consis upon them. ‘These forces are 
ergy, €red to be manifestations of en- 
TA and the movements are measur- 
ii in arbitrary units of space and 
the © Twentieth century science, on 
ergy Ontrary, finds that matter and en- 
Site a different manifestations of the 
some Pa non something and that in 
time ; Omains of physics space and 
Cited nats objective world must be 
ach = ere! with reference to 
- In subatomic physics they 


cannot be measured in arbitrary units, 
with the observer as a fixed point of 
reference. 

A physical mechanism is, defined dy- 
namically. It may make some particu- 
lar product, repetitively, because it is 
so organized as to do this by virtue of 
this organization. But if the organiza- 
tion changes its pattern so as to de- 
liver a different kind of product, a fac- 
tor is introduced which may properly 
be called creative. Even a repetitive 
performance like that of some particu- 
lar chemical reaction exhibits the prop- 
erty of transforming a pattern of ma- 
terial or energy into a different pattern, 
and this capacity is the source from 
which creativity, as here defined, is de- 
rived. Creation does not imply that 
something is made out of nothing. The 
scientific problem is to discover the 
laws in accordance with which these 
changes take place. Since the operat- 
ing forces are manifestations of energy, 
it is evident that energy as such has 
creative efficiency. In other words, its 
activities are not stereotyped in rigidly 
predetermined patterns. These patterns 
are constantly changing by conversion 
as they interact with one another, and 
this capacity for change is responsible 
for cosmic and organic evolution and 
for the orderly processes of growth of 
living individuals. This perhaps is what 
Whitehead had in mind when he said, 
“creativity is ultimate”; that is to say, 
it is something which science cannot ex- 
plain or analyze further. x 

This intrinsic creativity of physical 
processes is not a metaphysical specula- 
tion. It is an observed fact, and if it 
were not so our cosmos would now be 
in a state of homogeneous equilibrium 
at the lowest level of organization. In 
view of these dynamic ands creative 
properties of the physical universe, and 
of our incomplete knowledge of the 
laws in accordance with which the suc- 
cessive” changes take”place, we can set 
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no limits to the kinds of products that 
natural mechanisms (physicalisms) can 
make. If now we wish to push further 
into the domain of psychophysics, ac- 
count must be taken of this change in 
the climate of science which has come 
within the memory of men now living. 
The modern mechanist is not a ma- 
terialist in the classical sense. We 
grant that he deals only with physical 
structures and their operations. The 
operating body is always a mobile 
structure, which may be relatively sta- 
ble as we see it in a mountain or a cat, 
or it may be a specific pattern of en- 
ergy manifestation in which no par- 
ticulate matter is recognizable, as in a 
tay of light. Usually it is a combina- 
tion of both, as in a volcano or a think- 
ingman. In current science by “mecha- 
nistic” we mean physicalistic, and these 
words now have Meanings which are 
quite different from those of fifty years 
ago, although the latter are still cur- 
rent in both common speech and sci- 
entific literature. 
Subsequent references 
and quantum mechanics 
the implication that the p. 
thinks that these principle: 
mulated in mathematical physics, are 
adequate to give a satisfactory explana- 
tion of the mind-body relationship. The 
most that can be claimed for them in 
this connection is that they may be 
steps toward the discovery of the still 
unknown principles that satisfy the re- 
quirements of the problem. 


to relativity 
do not carry 
sychobiologist 
S, aS now for- 


THE NATURAL History or THE SPRIT 


My understanding of current scien- 
tific thought about some of the proper- 
ties of the natural world has just been 
Outlined. It is physicalistic through- 
out. Let us see now where the oppos- 
ing Psychologies mentioned at the be- 


ginning of this essay stand in the light 
of this evidence, - 


Many years ago I said (2) that in- 
trospection is as manifestly a biologi- 
cal method as is reflexology, and this 
principle needs re-emphasis today. Con- 
scious experience influences conduct. It 
is therefore a factor of behavior. | We 
may go further and say with Edwin G. 
Boring that a conscious experience is it- 
self a behavior, a bodily act which may 
be observed introspectively just as we 
observe other kinds of behavior. Intro- 
spection, like the other methods of ob- 
servation, is, of course, subject to the 
hazard of erroneous interpretation. And 
again it is timely to insist that the 
dualistic theories merely pile mystery 
upon mystery and only confuse the 
issues without explaining anything. 

Because man is an animal and be- 
cause his “spiritual” capacities are dem- 
onstrably vital processes, psychology 
is necessarily articulated with biology; 
but it does not follow from this that 
the laws of conscious experience E 
identical with those of the things 0 
which we have experience. It is, a 
fact, clear that they are not. Eac 
level of organization has its own dis- 
tinctive properties, some of which a 
not be reduced to those of lower levels 
(3). 

The mind-body problem will sits 
be solved by ignoring the troubles 
factors, either those of spirit or of DR 
ter. The inquiry cannot be limited 2 
either the conscious or the unconsciou 
factors, because what we are looking 
for is the relation between the two. a 
does no good to try to evade the iss a 
as a “pseudoproblem.” ‘Traditional m 
terialism (the “crude” variety) if 
classical spiritism (or, more reputan 
“idealism”) both involve neglect 0! * 
vast wealth of human experience, Le 
cluding common sense and refined oe 
entific knowledge. We cannot choos 
between materialism and spiritualism- 
We must have both. aa 

The attempts so far made to fin 


bA 
== 
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suitable formula of psychophysics have 
led into blind alleys. The chief diffi- 
culty arises from the fact that we have 
no common measure for objectively 
known dimensions and the relations ob- 
served in the process of knowing them. 
If ever a suitable formula for this re- 
lationship is discovered, it will prob- 
ably be stated in some kind of rela- 
tivistic terms, and it may dispense with 
numerical units altogether. Mathe- 
Matics and symbolic logic are now de- 
veloping methods of dealing with situa- 
tions devoid of any quantitative factors, 
and this may point the way toward 
hitherto unexplored fields of inquiry in 
Psychobiology. 
The human brain controls many of 
the internal bodily activities and by far 
e larger part of overt behavior. Its 
Structure is inconceivably complicated 
and much of the detail is still obscure. 
lM is on record, however, a vast 
gent of knowledge about nervous 
Ucture and the laws of its operation. 
./© Products delivered by this mecha- 
‘sm are of many kinds, including 
Stowth of the structure itself, a variety 
chemical reactions and associated 
oe in electrical potential, and the 
A ation of mass movements of the 
studied These have been thoroughly 
are, and described in physiological 


ase is another unique property of 
studied these operations that cannot be 
atale by the objective methods of 
Strict, and physiology, because it is 
only Ne Private and can be recognized 
is g Subjectively by the person who 
Meche sating, Fortunately, we have a 
aware nism by which this personal 
ness can be made public. Ideas 

ang © translated into symbols—words 
evokes ets —the utterance of which 
„Similar symbols in other people. 

IS indirection subjective experi- 
Can be objectified and so com- 
cated. This enables us to develop 


ce 
munji; 


a legitimate science of introspective 
psychology. We do not know the me- 
chanics of this process of symbolizing 
or the physical laws of its operation, 
but we have an interesting analogy 
in the electronic computing machines 
which perform similar operations with 
a quite different mechanism. Doubt- 
less there are some common principles 
in these two kinds of operations. 

There are no conscious factors, so 
far as we know, in most physiological 
operations; but we know as surely as 
we know anything in science that all 
mental acts are vital functions and we 
know where the organs are that per- 
form them. We know also that the 
distinctively human types of higher 
mental functions are added to pre-exist- 
ing physiological functions in the course 
of personal and evolutionary develop- 
ment. 

Although we do not yet know how 
awareness emerges within the metabo- 
lism of brain tissue, we know that it 
does so and that it is as truly a physi- 
cal process as is the transmission of 
light through apparently empty space. 
We do not know all about the me- 
chanics of light either, but long ago 
Helios was banished from science be- 
cause he could not explain anything. 
When a weight is lifted by muscular ac- 
tion the cause of the movement is not 
a disembodied contractility. It is con- 
tracting muscle. When a problem in 
mental arithmetic is solved the operat- 
ing agent is not a nonphysical mind 
which activates an inert structural 
mechanism. It is a living brain en- 
gaged in thinking. There is no specific 
kind of mental energy. Mental work 
is bodily work, and it is the body that 
gets tired when we do it. Mind does 
not move matter. It is “minding” mat- 
ter that does “mental” work just as it 
is contracting muscle that does “physi- 
cal” work. A, thought is not a product 
made by a mechanism, the way bile is 
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made by the liver. It is the operation 
of the mechanism, an act, not a mate- 
rial or any other kind of an object. To 
split the function from the organ that 
performs it* is scientifically as absurd 
as is the separation of the properties of 
any other thing from the object that 
manifests them. 

The claim of the parapsychologists 
that psi phenomena in general involve 
“extrasensory perception,” presumably 
through nonphysical agencies, calls for 
a critical appraisement of current stud- 
ies of the mechanics of perception. 
This inquiry brings out very clearly the 
fundamental difference between the re- 
lations of space and time factors in the 
acquisition of perceptual knowledge of 
the objective world and these relations 
in the higher rational use of this knowl- 
edge. 

Every perception of a physical ob- 
ject or event and every consciously 
controlled movement of the body in- 
volves a transactional relation of some 
sort between the “spiritual” and the 
“physical.” In all these activities the 
conscious and the unconscious factors 
are inextricably interwoven. The first 
can be observed only introspectively, 
the other again introspectively but only 
by an indirection, by the observer be- 
coming aware of some objective (un- 
conscious) physical events, The act 
of perception involves the conversion 
of “physical” processes into “mental” 
Processes, and conversely a voluntary 
act requires the conversion of a con- 
scious purpose into movement of the 
physical body. The nub of the mind- 
body problem lies in the nature of these 
conversions, 

The significant factors of such con- 
versions can be isolated by experimen- 
tal analysis more readily in the study 
of perception than of any other psy- 
chological Processes. We have biologi- 
cal evidence that the internal integra- 
tive and regulatory functions of an ani- 


mal body must be sharply distinguished 
from the analytic functions of sensori- 
motor type which are concerned with 
the adjustment of the body to external 
things and events. The physical prin- 
ciples of integration are fundamentally 
different from those of the analytic 
functions, and some of the former can 
be described only in relativistic terms. 

The most complicated integrative ape 
paratus known is in the human brain, 
and the act of knowing is an integra- 
tive process which gives us two kinds 
of knowledge which Sellars (6) has 
called “perceptual knowledge” and 
“conceptual knowledge.” ‘The former 
gives us all the information we have 
about the spatial, temporal, and oa 
ergic properties of the objective world. 
Newtonian mechanics was developed on 
the basis of this knowledge. This me- 
chanics is of necessity framed in be 
havioral space and time. Conceptua' 
knowledge comprises those higher me 
tional and emotive functions miie 
cannot be quantified in the numerica 
units of space, time, mass, and energy 
of Newtonian mechanics. It 

This distinction is fundamental. i 
is explained, in part at least, by the RA 
ture of the act of perception and of t i 
apparatus employed. Its neglect pa 
counts for the failure of the earlier 4 é 
tempts to find acceptable laws of p 
chophysics. This theme cannot A 
elaborated here. Enough has been dons 
to show that this lead points toia 
Promising field worthy of further 3 
vestigation. 


PARAPSYCHOLOCY 


The intimate relationship between o 
jective things and events and our m 
edge of them is so commonplace that 
is generally uncritically accepted. 
the manifestations of hypnotism, si 
lepathy, and the other so-called he 
phenomena are so unusual, and ee 
instances so bizarre, that there 1S 


te- 
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sistent demand that they be either 
explained or explained away as spuri- 
ous. The latter has been tried repeat- 

edly without convincing proof. 
_ These phenomena have been under 
Investigation by competent scientists 
for more than seventy-five years. The 
workers in this field of “parapsychol- 
gy” who are now most active are ad- 
Vocates of dualistic theories which have 
seen given wide publicity, but the ma- 
Jority of other scientists question the 
Significance of their findings. This 
Skepticism is due in part to the fact 
that this field of inquiry was so long 
Contaminated with fraud and delusion 
that the prejudice against it is still 
Strong. The prejudice has not been 
gated by the fantastic claims made 
ae of the recent literature. Never- 
foo ee are real phenomena which 

i 
method. ical study by every available 
ee should be recognized and empha- 
Bai Paat the mysteries associated with 
aa p enomena are of the same order, 
Biss no different in principle, as those 
i a by every mental and inten- 
ae Y controlled act whatsoever. If 
egit chology is to win acceptance as 
Shed natural science, it must be 
refer into the same general frame of 
i ag as the other branches of psy- 
whole” and of natural science as a 
tenes : Parapsychology” is a mis- 
Psyche O7 PS! Phenomena are either 
Ological or they are not. If not, 
at are they? 

Scie Phenomena the unconscious 
Thess clearly play the critical role. 
at can be studied only by the meth- 
ods objective science and these meth- 
The TE so far proved inadequate. 
solved a is true for many other un- 
bx conte problems. So when Dr. 
this tim Tites (5, p. 300), “We know by 
eory n that we cannot use a physical 
tha ig © explain psi,” we freely grant 
Satisfactory physical theory has 


yet been found; but that is far from 
proof that it cannot be found. In an- 
other passage (4, p. 62) he has insisted 
that the physics of tomorrow is irrele- 
vant here; we must think in terms of 
present knowledge. But this is exactly 
what he does not do. What he does do 
is to base his argument on nineteenth 
century physics. As for the physics of 
tomorrow, which Rhine says is a point- 
less speculation, we should remember, 
as Walker (8) points out, that our most 
valuable instruments of scientific prog- 
ress are the working hypotheses which 
look forward by extrapolation from 
present knowledge in all promising di- 
rections. Without these prescient ex- 
cursions into the unknown, growth 
would be arrested and science would 
die of senile sclerosis. 

We are surprised also to read that 
the claim that human mentation as a 
vital function is “a metaphysical as- 
sumption” or “mere conjecture,” and 
that psychologists have the vague no- 
tion that mind and body “are somehow 
fundamentally unified on some complex 
but wholly unknown physical basis,” 
and that “this half-formulated mate- 
rialism is taken for granted; it has not 
been subjected to experiment” (5, p. 
197). The fact is that it would be pos- 
sible to cite literally thousands of ex- 
periments devoted explicitly to this 
problem—experiments made by the 
most competent neurologists, physiolo- 
gists, and psychologists we have. These 
experiments are of many kinds, using a 
wide variety of methods. 

The most instructive of these ex- 
periments are based on the fact that 
all nervous action is accompanied by 
changes in electrical potential that can 
be localized and accurately measured. 
Using the same technique, a particular 
kind of mental work can be shown to 
be accompanied by similar changes in 
potential which are localized in specific 
regions’of the body. “The “brain waves” 
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recorded by the oscillograph of thou- 
sands of conscious persons have been 
studied under a great variety of condi- 
tions, and the effects of various kinds of 
mental experience are clearly seen in 
this permanent record of „the related 
changes in electrical potential. This is 
only one among many other methods 
which have been used to prove that we 
think with our bodies, and with different 
parts of the body for different kinds of 
thinking. 
THE SPIRITUAL LIFE 


It is possible to mention here only a 
few samples of the evidence which 
justifies the conviction that man’s spir- 
itual life, in the ordinary vernacular 
meaning of that term, is a real and sig- 
nificant component of his natural life. 
For the biologist this means that all 
mental acts of whatever kind are as 
truly vital processes as are nervous con- 
duction and muscular movement. This 
gives us a unitary system of scientifi- 
cally acceptable principles for every- 
thing within the Tange of human experi- 
ence, 

A man has native Capacities for spir- 
itual culture which set him at the high- 
est level of integrative and creative effi- 
ciency yet reached in cosmic evolution 
so far as we know. This physicalistic 
conception of human nature, which has 


been accused of degrading the dignity of 
man and destroying his spiritual Lge 
really points the way to the most e : 
cient measures for enhancing these mos 
precious human treasures. By erene 
the spiritual life in vital operatio 
relationship with all other domains f 
science and of human endeavor, we ge 
the benefit of all the resources of the 
sciences to reinforce and guide into a 
propriate channels the efforts of t 
other agencies of spiritual alye 
education, philosophy, art, religion, aia 
all the rest. This is a magnificen 
achievement. 
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THE STIMULUS CONDITIONS WHICH FOLLOW 
LEARNED RESPONSES 
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The further development of a rein- 
forcement theory of learning, or, for that 
matter, of any other general learning 
theory, would seem to require a sys- 
tematic analysis of the different pro- 
cedures used in the experimental investi- 
gation of basic learning processes. The 
Present paper will be limited to a part 
of this task, the analysis of the stimulus 
Conditions which immediately follow oc- 
Currences of the response acquired or 
extinguished. 

The approach taken here is to assume 
that any stimulus-response connection 
which becomes stronger is followed by a 
More reinforcing stimulus situation than 
alternate responses which tend to drop 
Out. The frame of reference of this pa- 
Per resembles that of Meehl (11) in his 
evaluation of the law of effect. 

An analysis of the stimulus situations 
Which follow the alternative responses 
ted Particular context is assumed to 
ay Ose the relative reinforcing prop- 
t ve of these stimulus situations. Once 

Se telative reinforcing properties have 
eS determined by the observation of 
a they can be used to predict 
Dida Sa of other responses. This ap- 
RAI » one typical of explanations of 
is ne learning, will be applied 
will he types” of learning as well. I 
nal ‘en show that the results of the 
i Tin seem to require a somewhat 
ee treatment of conditioning from 
ment represented by typical reinforce- 

theory (7, 12), contiguity theory 

i a or two-factor theory (13, 16). 
clarity a to be made below seems to 
etrop D distinction between trial-and- 

rning and conditioning at the 
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same time as it implies that common 
principles underlie all learning. 

In the final sections I will (a) show 
how the analysis suggests an explana- 
tion of the development of observing 
responses under conditions which would 
not lead one to predict their acquisition 
from other viewpoints; and (0) suggest 
several direct experimental tests of the 
interpretation of learning outlined in 
this paper. 

Since an analysis is more meaningful 
if terms are explicitly defined, we now 
turn to brief definitions of some of the 
terms and symbols used in this paper. 


DEFINITIONS AND SYMBOLS 


As the term is used in this paper, 
a stimulus is any situational variable 
which, if appropriate training were 
given, could come to be followed by a 
response which would not occur in the 
absence of this stimulus. Any stimulus 
which is an environmental condition 
present at the moment being described 
is an external stimulus. 

An internal stimulus is the stimu- 
lus aftereffect of (a) an environmen- 
tal condition which was present earlier 
(whether or not it remains at the mo- 
ment in question), (b) a preceding re- 
sponse, or (c) a deprivation scheduie. 

A situation is the stimulus complex 
at a given moment in so far as it is 
specified by a report of the experimen- 
tal procedure. Since no description in- 
cludes all observations or measures that 
could be made, a situation. (like a 
stimulus) is a generic term referring to 
a class of situations. However, unless 
otherwise indicated, it will be assumed 
that reports of experimental procedures 
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are complete enough to indicate (at 
least by implication) any systematic 
difference between situations which pre- 
cede a correlated difference in subse- 
nt events. 

B be noted that the above 
definition of a stimulus includes stimuli 
defined as changes in the environment. 
However, unlike the latter definition, 
ours urges an inventory of all situa- 
tional variables. Such a listing of situ- 
ational variables appears to facilitate 
the determination of response-evoking 
conditions as well as conditions affect- 
ing reinforcement. 

The term response will be used to in- 
clude the nonoccurrence of an activity 
as well as the occurrence of an activity. 
This usage seems preferable because 
“resting,” or not making a given re- 
sponse, appears to be learned in the 
same way that an active response is ac- 
quired. 

Our use of the term reinforcement is 
best explained in conjunction with a de- 
Scription of trial-and-error learning, to 
which we now turn. 


TRIAL-AND-ERROR LEARNING 


The basic working hypothesis of this 
Paper is the assumption that whenever 
two responses occur to the same stimu- 
lus situation, and the tendency for one 
(Ra) to occur gains strength at the ex- 
pense of the tendency for the other 
(Rz) to occur, the stimulus situation 
which follows the first (Xa) is more re- 
inforcing than the situation which fol- 
lows the second (Xp) 2 


Actually, to avoid circularity, X4 and 
Xnr must refer to classes of situations, 


question of wh 
ceding re 


the strengthening of competing response tend- 
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Perhaps the classes of situation most 
frequently contrasted in learning experi- 
ments are a context which includes hun- 
ger (X,) and food (Xa), on the one 
hand, and the same context (X,) and 
no food (X+), on the other.? Hunger 
is, of course, just a shorthand way 
of labeling the aftereffect of a period of 
food deprivation. 

Strictly speaking, the stimulus after- 
effects of R4 and Rp cannot be identi- 
cal, and therefore situations X4 and Xz 
cannot be identical either. However, 
the contexts following R4 and Rs may 
be equivalent; i.e., stimuli may have the 
same relative reinforcing properties Im 
either context. For example, either 
right or left turns in a T maze are ordi- 
narily learned about equally zapidiy 
when reinforced by food or any one i 
a number of other reinforcing stimuli. 
Thus the context of goal box foowng 
a left turn is equivalent to goal box fol- 
lowing a right turn. i 

When two situations are equivalent 
except that the first includes Xa an 
the second X», and R4 increases rela- 
tive to Rp, then X, (a stimulus, not i 
situation) may be said to be more A 
forcing than X,. However, it shou : 
be recognized that this does not neces 
sarily imply that Xq would be more E 
inforcing than X» in another arn 
Studies of drive discrimination (6, 2 
Provide perhaps the best known ea 
Perimental results which demonstra’? 
clearly that the more reinforcing oon 
lus (water as more reinforcing of 
food) in one situation (which inh 
water deprivation) is less erie ( 
in another context (food dep 
However, if We recognize the imp. g 
specificity of the context it is mest 
ful to speak of reinforcing stimuli 
well as reinforcing situations. 


5 jons, 
2 Capitalized subscripts refer to situa ia 
While stimulus components are designa S 
uncapitalized letters. Similarly, Sa Pe pre- 
fer to the situation or stimulus whic even! 
cedes Ra, while X4 and Xe designate 
which follow Raz. 


re- 
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When the expression “reinforcing 
stimulus” is used, it ordinarily implies 
that the situation plus this stimulus is 
more reinforcing than the situation 
without this stimulus. The implied de- 
Scription of situation minus stimulus 
Is usually unambiguous. Similarly, a 
Noxious stimulus ordinarily implies that 
the situation plus this stimulus is less 
reinforcing than the situation without 
this stimulus, 

_ The above example of learning in a 
Single choice-point maze is ordinarily 
Considered a typical case of trial-and- 
*tror learning, and our analysis does 
Rot differ ntarkedly from the usual ex- 
Planation, However, after an examina- 
tion of several special, atypical cases of 

trial-and-error” learning we shall show 
X at the same sort of analysis is quite 

equate for an explanation of Pav- 
°vian conditioning. 
kide technique for establishing a 
to ae for a striped-muscle response 
originat, in a given situation where it 
otc ally had little or no tendency to 
ur is the differentiation of a response 
teinfo This technique consists first of 
oa peti any responses which occur 
respo ave some similarity to the desired 
maks o then, after the tendency to 
strony Similar responses is sufficiently 
stricted oinforcement. is gradually ze 
to the to those responses most similar 
Tesponse the experimenter wishes 


o ‘ A 
tes *stablish. Later, after the desired 
al Ponse has occurred, reinforcement of 


other responses is withheld. 
Most fun tiaque has probably been 
trainine ly described in connection with 
ever “8 Pigeons to peck a key. How- 
of Pr s S a common pĉocedure as part 
ions. iminary training in other situa- 
cable and would appear to be appli- 
to the attaching of almost any 
“Muscle response which the sub- 
„capable of making to practically 
a ulus situation. 
ica ifferentiation of a response, as in 
trial-and-error learning, the re- 


Stripe 
Ject is 
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inforcing stimulus is either presented or 
withheld; in other words, all-or-none 
reinforcement is used. However, varied 
reinforcement—Hull (8) has used the 
more descriptive but more cùmbersome 
expression “correlated reinforcement in- 
tensities’—is another procedure which 
can also lead to the acquisition of a re- 
sponse which would not otherwise occur 
and thus could not be reinforced. In 
target shooting and many other motor 
skills the degree of reinforcement de- 
pends on the accuracy of the response. 
Therefore, the “better” or more accu- 
rate responses are always reinforced 
relative to the “worse” or less accurate 
ones.* 

Use of varied reinforcement to estab- 
lish new striped-muscle responses in ani- 
mal subjects probably would not be a 
practical experimental procedure. The 
difficulty of providing a sufficiently dis- 
tinctive dimension of reinforcing stimuli 
could not be easily overcome. This is 
perhaps the reason Hull applied cor- 
related reinforcement intensities only to 
examples in which human subjects ac- 
quired responses which were strength- 
ened by secondary reinforcement. 

Three types of trial-and-error learning 
have been distinguished above. They 
are: (a) the most typical case, all-or- 
none reinforcement with the same class 
of responses reinforced throughout; (b) 
all-or-none reinforcement with gradual 
restriction of the responses reinforced; 
and (c) varied reinforcement, where the 
degree of reinforcement varies depend- 
ing on the exact nature of the response? 
Since “new” responses can be acquired 
by either of the latter two procedures, 
the claim of some writers (10) that 


3 Actually, if level of aspiration is empha-, 
sized, learning of many skills can be ade- 
quately treated in terms of all-or-none rein- 
forcement, in which case the learning would 
be a special instance of differentiation of the 
response. Probably both changes in level of 
aspiration and varied reinforcement are ordi- 
narily involved in the acqliisition of such skills 
by human subjects. 
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“new” responses are never acquired by 
trial-and-error learning does not fit the 
facts. 


PAVLOVIAN CONDITIONING 


It is the contention of the writer that 
the major difference between trial-and- 
error learning and Pavlovian condition- 
ing is the nature of the reinforcing 
stimulus. 

Since our basic premise is that re- 
sponses followed by a more reinforcing 
stimulus situation are strengthened at 
the expense of those followed by a 
less reinforcing situation, we must look 
for the difference between the situation 
which follows marked salivation and the 
situation which follows little or no sali- 
vation in a Pavlovian conditioning ex- 
periment. Apparently there are no ex- 
ternal stimuli which follow the salivary 
response to the CS but do not follow 
Presentation of the CS and absence of 
the salivary response. Thus, the learn- 
ing must depend upon reinforcement by 
an internal stimulus, 

The only stimulus which systemati- 
cally differentiates between the condi- 
tions immediately after presentation of 
the CS on trials on which a conditioned 
salivary response occurs and trials on 
which the CR does not Occur is the 
stimulus aftereffect of salivation, or 
saliva-in-the-mouth.* Therefore, the oc- 
currence of salivary conditioning when 
the US is food implies that a situation 
consisting of context, food, and saliva is 
more reinforcing than a situation con- 

“sisting of context, food, and absence of 
saliva. The reinforcing stimulus, the 


*For convenience, saliva or saliva-in-the- 
mouth will be used interchangeably with the 
stimulus aftereffect of salivation, even though 
«there are Probably also other stimulus after- 

effects of salivation. It should be noted, how- 

ever, thit the physiological nature of stimulus 
aftereffects of an event (eg, saliva in the 


mouth) need not be specified for postula- 
tion of stimulus aftereff i 


CHARLES C. PERKINS, JR. 


stimulus component which distinguishes 
between the two situations, is saliva— 
an internal stimulus, not a part of the 
external environment. 

Extinction of the salivary response 
when the US no longer follows the CS 
implies that a situation made up of cona 
text, absence of food, and abstnce 0: 


saliva is more reinforcing than a situa- . 


tion consisting of context, absence oi 
food, and presence of saliva. Since 
salivary conditioning appears to be a 
general phenomenon, food plus salii 
must be more reinforcing than foo 
without saliva in a wide variety of con- 
texts. Similarly, it appears that ie 
many contexts the compound stimu 
absence of saliva and absence of ee 
is more reinforcing than presence A 
saliva and absence of food. The ea 
erality of these phenomena permits Pe 
diction of learning in a new contest. 
Thus, our treatment is not circular. e 
A possible objection to the nee 
treatment of Pavlovian conditioning 
that the conditioned response nae aE 
initial tendency to occur and there ae 
cannot be reinforced. However, it ae 
be demonstrated that such an obiecana 
does not apply if the following aae 
are recognized: (a) some saliva nar 
curs normally even if no food or nt; 
nals” of forthcoming food are Diet 
(b) presumably there are ae to 
in rate of salivation from one tria ent 
the next; and (c) varied reinforc e 
is involved in salivary conditioning, bor 
The relation between rate of Ee o 
tion and the reinforcing properties - 
the situation which follows is pregid 
ably similar to that shown by A 
line in Fig. 1. “On the early condi 


aN ct jll be 
ing trials the salivary response W! 


f þe- 
less than x (Fig. 1), but will vary 


tween 0 and x (from points 4 aater 
above). During these trials the a the 
the amount of salivation to the ich fol- 
more reinforcing the situation peo 
lows. A positive relationship Þe 


nt f° 
salivation and degree of subseque’ 


a 
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inforcement exists until rate of saliva- 
tion surpasses Opt., the rate of saliva- 
tion which is followed by maximum re- 
Inforcement. Thus, rate of salivation 
will gradually increase until the mean 
Tate is at Opt., and since further in- 
crease in salivation is followed by a less 
reinforting situation, rate of salivation 
will stabilize at point Opt. 

The dotted line in Fig. 1 represents 
the reinforcing properties of stimulus 
Situations which follow various rates of 
Salivation when no food is presented, as 
E extinction trials. The process of ex- 
Becton may be explained in the same 

anner as was conditioning. 

his treatment of learning implies 

at a conditioned response is a pre- 
R eon response. This interpretation 
a 4 1, supported by recent work 
ieee 14, 18) which rather clearly indi- 
only ae effective conditioning occurs 
stance. en the CS precedes the US. In- 
une of apparent backward or strictly 
D Bares conditioning can all be ex- 
ition: as special cases of pseudo con- 
appe ng. Pseudo conditioning in turn 
ats to be only a special instance of 


e ; A 
(py ation of stimulus generalization 


TYPr 
YPES OF RESPONSE MEASURES 


oss type of response measured is 
Y related to the type of reinforce- 
As our treatment of salivary con- 


ditio, R a 

sponses illustrates, smooth-muscle re- 

throu S would seem to be acquired only 

al 84 varied reinforcement by inter- 
stimulj.s 


E 
Mped-muscle responses (and the 


SSi 7 À 
smoothes Ingenious suggestion (17) that 
result muscle Conditioning is an artifact 
piped mn from trial-and-error learning of 
betw, en Uscle responses and unlearned bonds 
“Mooth m muli from striped muscles and 
Physiologic ts responses is essentially a 
g Vance a theory which has no necessary 
h OWever S the subject of the present paper. 
Ra aniou as interpretation fits in very 

Vocateq hese the behavioral principles 
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Reinforoing Properties of Situation 


Max, 
possible 
mount 


Avount of Salivation 


Fic. 1. The hypothetical relation between 
amount of salivation and the relative reinforc- 
ing properties of the stimulus situation which 
follows the CS on food-reinforced trials (solid 
line) and on extinction trials (dotted line). 


responses of not engaging in certain 
striped-muscle activities) are typically 
reinforced by external stimuli as ex- 
ternal stimuli are defined in this paper. 
However, there are some exceptions— 
as, for example, the response of not 
biting the tongue which is reinforced 
relative to biting the tongue. 

A particularly important class of in- 
ternal stimuli which determine the ex- 
tent to which striped-muscle responses 
are reinforced is the stimulus after- 
effects of activity or “fatigue” effects. 
Specifically, this class of stimuli pro- 
vides greater reinforcement for inac- 
tivity than for activity. 

If the response acquired is bar de- 
pression or a certain turn in a single 
choice-point maze containing food on 
but one side, and if only the occurrence 
or nonoccurrence of the response is re- 
corded, internal stimuli (such as fatigue 
effects) need not ordinarily be consid- 
ered. In such studies all occurrences of, . 
say, bar pressing are followed by a more 
reinforcing state of affairs than &ny oc- 
currences of not pressing the bar. 

If pressure on the bar or running 
speed is the response measure, the rela- 
tive rein‘orcing property of the situa- 
tion following a particular response is 
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determined by both internal and ex- 
ternal stimuli. This is perhaps most 
obvious in the case of bar pressing. 
During learning of a bar-pressing re- 
sponse the relation between pressure on 
the bar and the reinforcing properties 
of the subsequent stimulus situation is 
presumably similar to that shown in 
Fig. 2. The distance from a to b rep- 
resents the difference in reinforcing 
properties between click-food and the 
absence of these stimuli. The differ- 
ences in reinforcing properties of situa- 
tions following responses between 0 and 
x, and between « and m, result from 
kinesthetic and proprioceptive stimuli. 

When running speed is the response 
studied, a similar analysis can be made, 
However, a detailed analysis of this 
type of learning is a good bit more 
complex and would require considera- 
tion of secondary reinforcement and/or 
anticipatory responses. 

The definition of (relative) reinforce- 
ment used here has certain disadvan- 
tages which do not characterize an ab- 
solute (e.g., drive-reduction) definition. 
In particular, knowledge of the rein- 
forcing properties of a stimulus in one 
context is not enough to Predict the re- 
inforcing properties of this stimulus in 
another context. However, even a drive- 
reduction theory implies as much; the 
drive (e.g., deprivation schedule) and 
goal object together are required for 


> 


relative reinforcing properties of 
subsequent stimulus situations 


z m 


grans pressure on bar 


Fic. 2. The relation between Pressure on a 
bar and the reinforcing properties of subse- 
quent stimulus situations when x„grams of 


pressure activate the relay and release a food 
pellet. á 


reinforcement. Thus, unless drive is 
specified in terms of physiological ac- 
tivity rather than antecedent environ- 
mental conditions, drive reduction im- 
plies that the reinforcing properties of 
a stimulus depend on contextual stimuli. 
Unless it has acquired seconda rein- 
forcing properties, food is a reintorcing 
stimulus only if there is also a hunger 
stimulus. 

It thus appears that, for a molar be- 
havior theory, stimulus patterning is an 
inescapable fact which affects not only 
the discriminative (perceptual) proper- 
ties of situations but also, their rein- 
forcing properties. 


THE ACQUISITION OF OBSERVING 
RESPONSES 


Wyckoff (20) developed an ingenious 
technique which made possible the me) 
urement of observing responses (R ee 
His apparatus was a pigeon “Skinne 
box” in which there was a treadle he 
Well as a key which was attached to t : 
food-release mechanism. The apenas 
was so wired that when the ale 
made the R, of stepping on the treac’’ 
the key became either red or a 
When the subject was not camer 
the treadle the key was white. gett 
at the red key was periodically yay 
forced by food; pecking the green tae 
was never followed by food. Presen a 
tion of food was unrelated to the ap 
currence of R, so that when R, did ae 
occur food would sometimes follow a a 
to the white. The subjects BRON ae 
clear increase in R, under these oa 
tions, and a marked decrease when the 
Presentation wag no longer related ae: 
color of the key. Wyckoff postu rop- 
that “information” has reinforcing pore? 
erties and suggested, without ela 
pservin’ 

° Strictly speaking, Re is not an oko 
response in this study or in Prokasy’ Safer to 
lowing Wyckofi’s usage, we use Ro to native 
any response which provides diken are not 
(positive and negative) stimuli whic 
Provided unless R, occurs. 


s 
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tion, that secondary reinforcement is 
probably involved. Thus, in effect, he 
described his findings but did not de- 
rive them from other principles. 
Prokasy (15) ran rats in a single 
choice-point maze where either turn led 
to food on half the trials. All turns 
were tbllowed by a 30-sec. delay before 
entrance to the end box. Either turn 
led to a black delay and goal box on 
half the trials, and a white one on the 
Other half of the trials. On the con- 
Sistent side one color (black) delay box 
was followed by access to food 100 per 
Cent of the time, while the other (white) 
never led to food. On the inconsistent 
Side either color delay box was followed 
Y access to food on half the trials. 
US, R, represents selection of the con- 
Sistent side. 
tu en increase in percentage of free 
atte, to the consistent side was ac- 
ae by between 9 and 11 of the 12 
aie depending on the particular 
the ae used. It should be noted that 
t WO sides did not differ with respect 
ise amount of food received or the 
ne ae the goal and delay boxes. The 
Blea Preference could only have re- 
of a from the relation between color 
clay box and food presentation. 
‘ Tokasy ’s findings follow logically from 
folop ysis of the reinforcing stimuli 
side, ing occurrence of a turn to either 
peu 1 contrasts the stimuli which 
ee prot of the consistent side with 
ent sia Ollowing choice of the inconsist- 
Ood-y, €, on food-reinforced and on non- 
suis o ed trials, subsequent to the 
Ponses, on of anticipatory salivary re- 
eee €ach of the situations following 
teinfor €s to the consistent side is more 
ation; v8 than the corresponding situ- 
a choice pn food condition) following 
Mer c wa the inconsistent side, the for- 
analys ce will be acquired. A similar 


STe: j S 
hope, kois be used to explain Wyc 


fol 
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Drrect EXPERIMENTAL TESTS 


The viewpoint outlined in this paper 
can most easily be subjected to direct ex- 
perimental tests in connection with Pav- 
lovian conditioning. While there are ob- 
vious technical difficulties, surgical tech- 
niques which would completely prevent 
salivary secretion from entering the 
mouth should lead in time to a decrease 
in the rate of conditioning and extinc- 
tion, and perhaps to the eventual ab- 
sence of any relation between salivation 
and stimulating conditions. Drive-re- 
duction, contiguity, and two-factor theo- 
ries would not seem to lead so clearly 
to such a prediction. However, this 
most certainly would not be a crucial 
experiment, since any general principle 
can be made consistent with any single 
experimental result. 

If technical problems were overcome, 
several further experiments could be 
conducted involving the clamping of 
the salivary ducts so that the flow of 
saliva could be prevented whenever the 
experimenter wished. For example, the 
ducts could be blocked whenever the 
subject was placed in a highly distinc- 
tive locus and at no other time. If the 
subject had been frequently fed in this 
locus, we might expect that salivation 
would no longer accompany eating here, 


TABLE 1 


THe STIMULI SUBSEQUENT TO CHOICE OF 
EITHER SIDE IN ProKAsy’s EXPERIMENT 


Stimuli Following a 
Response to the 


Stimuli Following = 
Response to the In- 


Goal-Box Consistent Side consistent Side 

Condition | (Correct “‘Antici- | (Correct “Antici- 
pation” Possible) | pation’’ Impossible) 

Food* Food plus opti- | Food plus less 
mum (much)| than optimum 
salivation salivation 

No food*| No food plus | Food pius more 
optimum than optimum 
(very little)| salivation 
salivation 


By . 
+Food followed either response 50 per cent of the 


time. 
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as saliva would not enter the mouth, but 
instead salivary gland activity might in- 
flate the gland to the point where it 
would be “painful.” Presumably, the 
subject would eventually learn not to 
salivate while eating in the locus in 
which the ducts were blocked, but still 
continue to salivate while eating else- 
where. 

Another possible experiment would in- 
volve a system for temporary storage of 
the subject’s saliva in a container, and 
the injection of this saliva into the sub- 
ject’s mouth when a particular striped- 
muscle response is made. For example, 
it should then be possible to train a dog 
to stretch his right foreleg before and 
during eating in order to inject saliva 
into his mouth. 


CONCLUSION 


The emphasis on relative reinforce- 
ment suggested in this paper seems to 
have several distinct advantages, most 
notably that (e) it allows for a treat- 
ment of all learning by the same set of 
principles, without involving the com- 
plications which a drive-reduction the- 
ory necessitates; 7 and (b) it permits 
derivations concerning the acquisition 
of observing responses which are not in- 
strumental in attaining a goal object 
from principles already demonstrated 
experimentally. 
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CONSCIOUSNESS, BEHAVIOR, AND PERSONALITY 
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The concept of consciousness still re- 
Mains*associated with one of the most 
traumatic experiences in the life his- 
tory of scientific psychology, i.e., intro- 
Spectionism. The wound has not yet 

healed; consciousness still means for 
Many people a menace to behavioral 
Science, It would not be ° justified, 
therefore, to run the risk of arousing 
‘motional ‘reactions by reintroducing 
the Subject if there were no hope that 
4 revocation and a restatement of the 
Problem in the present situation might 


| 
N 


| 


entail some therapeutic effect and 

eventually help psychology in its de- 

aib ment to greater maturity. Ma- 
i 


Y, in fact, means getting in con- 
with the real behavioral world and 
& the problems arising there. 
bi Onsciousness, now, is just what 
ngs man in contact with the be- 
ate world. Contrary to what is 
ey believed, it should not be 
eee as necessarily related to in- 
calles ctionism and the study of so- 
ed “states of consciousness.” 


[i 
1 tact 
acin 


Perceprion AND THE REPRESENTA- 
TION THEORY or CONSCIOUSNESS 
Some trends in present-day psychol- 
>% emphasize again the role of cogni- 
Perceptual functions in behav- 
1S may be an important step 
© direction of a sound concept of 
Seer sea danger, however, in 
Cognitio that, frequently, theories of 
ing Sik and perception are still work- 
Dection; concepts adopted from intro- 
Wor] nist Psychology. The perceptual 
tesentati Currently conceived as a “rep- 
Outside T in the subject of the world 
is a poah Thus, this representation 
ind of duplicate of the outside 
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world: a duplicate existing in the sub- 
ject. In a recent symposium on cogni- 
tive theory and personality functioning 
contributors repeatedly expressed them- 
selves in such terms of representation. 
“Cognitive theory,” Scheerer (4) ar- 
gues, “assumes that the organism is in 
commerce with its environment through 
the medium of selective representation.” 
Sweet (5) claims that “via the mediate 
of sensory processes, representations of 
the environment are obtained.” This 
perceptual representation is considered 
a “perceptual response present in the 
organism.” 

In the field of cognitive and percep- 
tual processes, as in behavioral science 
in general, it appears to be necessary 
indeed to return to what have been 
called the “naturalistic” or primary 
facts. If not, psychology may lose 
contact with the specific phenomenon 
to be explained, i.e., man behaving in 
his world of concrete life situations. 
From the psychological or behavioral 
point of view, nothing corresponds less 
to reality than to conceive of percep- 
tion as a representation in man of 
something which exists outside him. 
Perception is a direct contact with the 
outside world itself. No medium, no 
duplicate, no representation, is inter- 
posed between the subject and his 
world. 

This deep-rooted representational the- 
ory stems from philosophical and physi- 
ological problems. The psychology of 
sensation, for instance, studies the 
physiological processes involved, in per- 
ception. From that standpoint, per- 
ceptual responses are in fact “organ- 
ismic states which the organism car- 
ries about in the neřvous system and 
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which represent the perceived object 
for me” (5). Philosophy, on the other 
hand, raises the problem of a reality 
existing beyond the object of cognitive 
processes. “he object perceived is con- 
sidered only a representation or a du- 
plicate of that unknown reality as it is 
supposed to exist in itself, independ- 
ently of the behaving subject. From 
the behavioral or psychological view- 
point, however, there is no doubt that 
man perceives the things themselves, 
that is, the world itself. Perception 
does not give him a representation of 
the world, but a direct presence of the 
world itself (1, p. 186). 

The representational theory is re- 
sponsible for introducing an erroneous 
concept of consciousness. Conscious- 
ness has been conceived as the enclosed 
world of inner representations in the 
subject. In fact, according to the rep- 
resentational theory, there is on the one 
hand the world of objective, observable 
things which transcends psychological 
activity; on the other hand, there is 
the psychological world of conscious- 
ness where the objective world is rep- 
resented on an enclosed, inner stage. 
On this enclosed stage the inner repre- 
sentations of outside things are acting 
in a private and incommunicable play. 
Thus, representational theory is re- 
sponsible for introducing a double stage 
in our world, and even a double world. 


CONSCIOUSNESS: EXPOSURE TO THE 
Outsme Woritp 


< As a matter of fact, the sciences of 
behavior are not directly interested in 
an incommunicable private world of 
consciousness. Psychology is right in 
turning to the observable world itself 
in which man really behaves. But 
turning to the objective, observable 
things Goes not mean denying con- 
sciousness. On the contrary, this world 
of objects, fellow men, and situations 
precisely exists for us, is’ present to us, 
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by the very fact of man’s “openness” 
or exposure to the outside things. This 
specific exposure constitutes conscious- 
ness. i 
Thus, the naturalistic fact to which 
behavioral sciences should return 15 
that man, at any moment, finds him- 
self in a world of things, fellow: men, 
and meaningful situations. His behav- 
ior is nothing other than his commerce 
or dealing with this world of life situa- 
tions. In other words, the primary fact 
to be taken into account in the concep- 
tion and study of behavior is the fact 
that an outside world is present to 4s. 
This presence of an outside ‘world con- 
sists in a direct contact with things an 
men outside ourselves. This means 
that man is not an enclosed stu i 
in himself, but that he is essentially 
constituted as an “exposure” to an out- 
side world. This concept of exposure 
and direct presence of the world to US 
is fundamental in this sense: it we 
lies the possibility of “meeting” PAP 
and things, and thus the possibility ° 
behavior as a dealing with situation 
Looking at something, speaking tO ing 
audience, attending a conference, ae 
away or staying at home, feeling f" fs 
trated, etc. mean and imply beng fu 
the presence of an outside meanins 
world. : 
This presence of the outside wona 
to us is not to be conceived, of pei 
as a physical fact (physical aa at 
hood, for instance). A tree oF A ae 
may be situated in the same P y Te 
environment as we are, and neve” zs 
less not deal with this environmen’ i 
with their “world”; they do not E Be 
fest that a world is present to theng 
that they are living in a wor al oF 
responses are limited to phys here- 
chemical reactions to stimuli. ningf 
fore, the presence of a Beat or be- 
world to us is a psychologica 
havioral fact. 


e 
A ° sens 
Consciousness in its primary 
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means precisely this exposure of the 
Organism to the world, or in’ other 
words the direct presence of a world to 
us. The very fact, for instance, that 
an audience is present to me, or exists 
for me, as a part of my world or situa- 
tion at the moment I address them, 
derives primarily from the fact that I 
am conscious. Consciousness means ex- 
Posure to the outside world, not en- 
“Closedness in the “inner self.” More- 
Over, consciousness or the fact that man 
finds himself in the presence of an out- 
Side world is not to be considered as a 
Private” affair of inner life. On the 
Contrary, it is an object of direct per- 
ception. Seeing a man speaking with 
other people or driving a car, I perceive 
the fact that streets, houses, and peo- 
Ple are present to this man, that they 
exist for him, that he is aware of them, 
that his behaving organism is open to 

€m, i.e., that he has consciousness. 
in n order to avoid any misunderstand- 
‘8; it should be stressed that recog- 
on of this primary fact of conscious- 
SS as exposure to the outside. world 
ni not contradict the theory of per- 
<a ton as a selective and constructive 
Cae The concrete content of the 
Beal world present to us is a se- 
nee Construction of the functioning 
Speci 4 Physiological personality. But no 
could € content of a perceptual world 
is aad be built up if there were not 
of p Pdamental property and activity 
Sciousr, Organism which is called con- 
an ness. In other words, man’s ex- 
5 i to the world is not the result or 
Bebe sum of a series of concrete 
Such contents. On the contrary, 
can oti and constructive perception 
activit Y be conceived as a continuous 
Word y of specification of the outside 
sed o which man finds himself ex- 
This fundamental fact of ex- 

u 


n 


Poseq, 

Pos 

Sins as such is what is meant -by con- 

Capac Without the fundamental 
ity of the organism to be open‘ or 
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exposed to an outside world, percep- 
tual processes would be reduced to in- 
ternal organismic changes. Lack of con- 
sciousness, therefore, means enclosed- 
ness in the realm of physical and 
biochemical interactions. Conscious- 
ness is psychophysiological activity un- 
derlying all psychological or behavioral 
processes, insofar as they are intrinsi- 
cally directed toward objects. Even 
the so-called unconscious motivations 
and behavior patterns presuppose con- 
sciousness in this fundamental sense. 

Psychological and physiological sci- 
ences, of course, have to investigate the 
processes involved in the subject’s ex- 
posure to the world. But the scientific 
examination of these processes should 
not destroy the fundamental psycho- 
logical fact that a world is present to 
us, or exists for us, and that man’s be- 
havior is meaningful dealing with this 
world. The purpose of scientific psy- 
chology is to explain and to account for 
this fact, not to replace it, for greater 
convenience, by underlying but differ- 
ent processes. In other words, the un- 
derlying processes discovered by scien- 
tific investigation should ultimately be 
related to that unique behavioral phe- 
nomenon to be explained. The concept 
of consciousness does not give a solu- 
tion to any scientific problem about be- 
havior, but it is necessary for an ade- 
quate conception of behavior itself, and 
for a realistic approach to behavior 
problems. 

Thus, the introduction of the notion 
of consciousness does not mean going 
back to introspectionism. On the con- 
trary, it simply means the recognition 
that the essential characteristic of be- 
havior itself is its being related to a 
meaningful outside world with which 
the subject finds himself presented. 
We also should not forget that Scientific 
research itself is a form of behavior, 
ie., a form of dealing with the world 
we are living in. Communicating sci- 
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entific results is another form of be- 
havior. Both activities imply what we 
have called consciousness. 


THE VicaRIOUS PRESENCE OF THE 
WORLD IN CONSCIOUSNESS 


Until now, we have considered con- 
sciousness as putting us in direct con- 
tact with the outside world and with 
the external behavioral facts. The 
problem of consciousness, however, be- 
comes complicated by the fact that the 
world can be present to us in different 
ways. Man is able to find himself in 
the presence of an object or a situation 
which is not immediately presented to 
him from the outside. This is what I 
call the vicarious presence of an ob- 
ject. This possibility of vicarious pres- 
ence of things to us, via images, con- 
cepts, and symbols, is a capital behav- 
ioral fact. It enlarges to an enormous 
extent the world in which man is liv- 
ing and, consequently, the possibilities 
of behavior. By this vicarious pres- 
ence man’s dealing with situations goes 
far beyond the limits of responding to 
actually present things. Man is, for 
instance, thinking about them; i.e., he 
is dealing with them in a cognitive way. 
Thinking and imagining are in fact 
nothing else than other ways of going 
along with the world and dealing with 
its situations. This inner, cognitive 
dealing with situations is intrinsically 
directed to, or projected toward, an 
outside world and it is, as a rule, pre- 
paratory or compensatory to effective 
external behavior. In some circum- * 
stances—as is the case, for instance, in 
science—thinking about things actually 
constitutes the effective form of behav- 
ior itself. In fact, man finds himself 
also in this very particular situation 
that the world is perceived as a prob- 
lem to be solved, i.e., to be dealt with 
in a cognitive waz’. 
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“Man’s PRESENCE TO HIMSELF 
ta 


Man not only finds himself in the 
presence of an outside world; he may 
also be presented with himself. His 
own activities may become for himself 
the objects of his perception and cog- 
nition, as is the case in introspection. 
In this way man finds himself pre- 
sented with his own activities, thoughts, 
and feelings about the world: he is re- 
flecting on himself, on his activities, and 
on the content of his spontaneous oF 
direct consciousness. This inner pres- 
ence of man to himself and the reflec- 
tion upon his own activities may be 
called reflective consciousness or COD- 
sciousness raised to the second powe. 

Reflective consciousness is another 
way in which man escapes “enclose ; 
ness” in himself. By the very fact p 
being able to reflect on himself, ma 
never finds himself completely enclos 
in the actual phase of interacting ve n 
the environment. Reflecting on W i 
he is and what he does, man “goes oa 
of himself, transcends the spatial a 
temporal determinations of the Eh his 
judging and -evaluating himself an 
activity. 

At the same time, man’s Prest celf 
himself enables him to look at biman 
and at the world from different, pa “a 
of view and to reshape at any ty. 
a certain extent, his own perso” tion- 
It enables him to intervene, inten 
ally, in the course of his ow 
ment in order to restructure $ 
tionships with the environmen fn some 
possibility seems to be implie cess G; 
phases of the therapeutic Pt 

. 422). ny 
oe more, this highest funcher, d 
consciousness broadens man 5 wet frees 
the self in a considerable way- oa 
him from enclosedness in his © ook 4t 
jectivity and enables him E objec” 
things and at himself from weibilit is 
tive” point of view. This Po yavior as 
the basis of such forms of be 


ence tO 


sub- 
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Science and intentional efforts of self- 
improvement. Thus, consciousness in 
its different functions frees man from 
enclosedness in his own organism, in 
the immediate physical world, and in 
his own subjectivity. While some de- 
gree of exposure to the world seems to 
be iniplied in all behavior, the higher 
functions of consciousness only mani- 
fest themselves in specific forms of hu- 
man behavior (language, culture). 


Consctousnrss AND BEHAVIORAL 
SCIENCE 


As a matter of fact, the vicarious 
Presence of things and man’s reflective 
consciousness of his own activity take 
place on the level of inner representa- 
tion. These more complicated functions 
of consciousness, however, presuppose 
consciousness in its primary sense of 

lect presence of an outside world to 
man, 

Tt is essential for the science of be- 
aes not to separate representational 
i nsciousness from direct exposure to 

© world, as it is important not to 
Separate the representional way of 

caling with situations from effective 
pan vior. The representional level of 
a Sclousness is not to be studied in it- 
R as opposed to real behavior, i.e., 
nae world of “existential” qualities of 
af “a experience. Clinical psychology 
Pa Projective techniques have shown 
thn Closely related these representa- 
e and images are with man’s real 

avior in the world he is living in. 
Ma Te, the introspective data of re- 
oust © consciousness and the vicari- 
ree ent world on, the level of rep- 
fo are to be studied in their 
a T relationship with behavior as 
it is es Even for clinical psychology 
a beh ™Portant to base its insights on 
Mente theory in which the rep- 
è eae and operational levels of 

or are functionally related. 
n the other hand, the meaningful 


353 


world itself as it is present to us by di- 
rect consciousness cannot be separated 
from behavior. In fact, the world of 
meaningful things and situations is a 
crystallization or condensation of be- 
havioral patterns. A physical object or 
a part of the surrounding space be- 
comes a desk, a phone, or an office in- 
sofar as a whole network of behavioral 
dealing, and possibilities of dealing, are 
involved in it (2, p. 447). In this way, 
consciousness in the objective sense of 
“the world present to us” is crystallized 
behavior. 

Moreover, man’s conscious presence 
in the world is a behavioral presence. 
This means that, for the human per- 
sonality, finding itself in the presence of 
a world implies and entails, necessarily, 
behavioral dealing with the world. In - 
this sense, consciousness or exposure to 
the world is already implicit behavior, 
while behavior itself is externalized con- 
sciousness or realized presence to the 
world. In any case, instead of oppos- 
ing consciousness and behavior, one 
should realize that no human realities 
are more inseparably united. 


CONSCIOUSNESS, PERSONALITY, 
AND MOTIVATION 


Finally, I have to indicate briefly the 
relationship between consciousness and 
the concept of personality. Psycholo- 
gists as a rule conceive of personality 
as an internal organization ‘of traits, 
attitudes, aptitudes, and behavioral con- 
sistencies. In fact, personality is such 
an internal organization; but the most 
essential characteristic of personality is 
lacking in such a definition. Person- 
ality is essentially a structure which 
goes beyond its internal organization. 
Its most characteristic feature consists 
in the fact that an outlook o2 and an 
exposure to the world is included in its 
own constitution. Personality is a 
way of being’and behaving in a world 
that exists for the Self. The outlook 
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on a world or life situation is an essen- 
tial constituent of personality itself. In 
this sense, the fundamental structure 
of personality is an “ego-world unity.” 
Nothing could more profoundly muti- 
late the concept of personality than 
neglecting this aspect of exposure to 
the world which is an essential com- 
ponent of personality as such. This 
exposure, as I have said. previously, is 
just what is meant here by conscious- 
ness. If, as Lewin says, it is true that 
the personality governing behavior is a 
part of the psychological field, it must 
not be forgotten that the psychological 
field itself, in the general sense of “liv- 
ing in a world,” enters into the make-up 
of personality. 

Personality conceived in this way as 
an ego-world structure provides us with 
a sound basis for a theory of human 
motivation. Motivation theory today 
tends, so to speak, to situate and local- 
ize needs in the organism itself. But 
from the behavioral point of view, 
needs are to be conceived as basic pat- 
terns of organism-environment or ego- 
world relationships which actually are 
required for organism or personality 
functioning. In fact, personality is 
made up of different types of such re- 
lationships, not only on the level of 
biochemical organism-environment in- 
teraction, but also on the level of cog- 
nitive and affective ego-world relation- 
ships. While the basic patterns of 
biochemical interaction—and thus the 
basic drives in this field—are preformed 
in the physiological constitution of the 
organism, the cognitively elaborated 
ego-world relationships are more per- 
sonal in origin and nature. Motiva- 
tions on this level of behavior present 
themselves as an infinite variety of 
ego-world relationships in states of 
tension. Basic needs on this ego level 
are to be conceived as certain general 
and significant trends which eventually 
can be discovered in, and akstracted 
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from, this variety of ways in which the 
individual tries to insert himself in his 
world. Such a general trend might be 
called “need for self-realization,” as 
this “significance” is discovered in, or 
abstracted from, the innumerable con- 
crete forms of man’s behavioral, deal- 
ing with the world of his fellow men 
and life situations. 


The patterns of ego-world relation- 


ships which constitute the infantile per- 


sonality will be different from the adult 


ego-world structure. The same signifi- 
cant trends, however, may be discov- 
ered in both. In that way, there may 
be infantile and adult forms of the 
same basic need, as there are infantile 
and adult patterns of ego-world rela- 
tionships. There is no reason why the 
infantile form should be considered the 
basic one, and the adult pattern the 
derived or secondary need. Both are 
rather to be conceived as varieties of 
a basic type of ego-world relationship 
which the individual needs in order to 
maintain and develop the functiona 
organism-environment and ego-worl 
structure which constitute personality 
at a given stage of its development. 


SUMMARY AND CONCLUSIONS 


Psychologists who work in the fields 
of cognition and perception still i 
quently consider the perceived WO" 
as an internal representation of 2 1°% 
external world. This representation@ 
theory is strongly rooted in psychology 
but it originates in a philosophic 
speculation which raises the questio” 


á og- 
a reality underlying the objects of oi 
nition. From the viewpoint © the 


psychological study of behavior, ep 
perceived world is by no means 4 T e 
resentation inside of man (or bate 
consciousness) of some object "The 
real existence lies outside of him. itself, 
perceived world is the real world 1 


X s con- 
and perception consists of direct 


A 
u 


‘ 
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tact with the environment. For this 
Teason the notion of consciousness, as 
it has been developed within the frame- 
work of introspective psychology, is in 
need of revision. Consciousness does 
Not refer primarily to an internal world 
made up of representations; it consists 
of a direct awareness and of an im- 
mediate presence of the world itself. 

Consciousness therefore signifies, be- 
fore all else, exposure to the real be- 
havioral world, and not confinement in 
an internal world of representation. 
Consciousness establishes a man as a 

eng who lives in the world, and thus 
Consciousness is an essential aspect of 
ehavior, 

The world, however, can also be pres- 
ent to the behaving subject in a vicari- 
ous way, via representation. More- 
Over; man can be present to himself by 
reflective consciousness. These “higher” 
eons of consciousness also free man 

om specific forms of enclosedness. 
ae for the concept of personality, 
alit Ing is less in conformity with re- 
a y than to conceive of personality as 

Pure internal structure of traits, apti- 
ae etc. Personality signifies a spe- 
Er modality of existence and of ac- 
of rad which is characterized by the fact 
world et in a situation or in the 
struct, ‘The fundamental personality 

a Ure is therefore an ego-world 

Y, and not an internal organization 


wa" K 
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of an ego. The psychological field it- 
self, more basically, enters into the 
make-up of personality. Motivation 
also must be looked at in relation to 
the fact that man lives in a meaningful 
world. In fact, basic needs are general 
types of organism-environment and ego- 
world relationships which actually are 
required by the functioning of organ- 
ism and personality. 

The introduction of the notion of 
consciousness solves no concrete scien- 
tific problem regarding behavior, but it 
is necessary to appeal to the concept in 
order to formulate and to come to 
grips with the problems of behavior 
and of personality in a realistic fashion. 
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THE DIFFERENCE BETWEEN Q AND R 


JACK BLOCK 
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While a good deal has been said by 
now about the merits and inadequacies 
of the Q approach to personality data, 
it seems to the present writer that a mis- 
understanding still persists as to the re- 
lationship between Q and R results. It 
is still widely believed that the alterna- 
tive approaches of correlating variables 
and correlating persons produce identi- 
cal, or rather fully convertible, results. 
A recent paper by Eysenck (4) iterates 
this point. 

It is the purpose of this note to 
specify the conditions where the equiva- 
lence between Q and R will exist and 
the conditions where 
will not occur. 
has arisen devolves from differing initial 


viduals these variables Produce equiva- 
lent correlation matrices? Or shall we 
find that the variables interrelate differ- 
ently in different individuals or “types” 
of individuals with fundamentally dif- 
ferent correlation matrices resulting? 
At our present stage of knowledge, 
our research is guided and our results 
to some extent limited by the assump- 
tion we choose to make as to this ulti- 
mate finding. But even now, evidence 
is available bearing upon this question. 
Many ‘ndings exist wherein the inter- 
relationship of variables differs, in a re- 
liable fashion, as a function of the par- 
ticular sample inyestigated. For exam- 
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ple, Eysenck (5, p. 205) reports that 
for Communists, the correlation between 
direct and indirect aggression is — .94 
while for Fascists, the correlation be- 
tween the same two variables is + .61. 
For a Neutral group, the correlation is 
= .64. 

If the assumption that variables inter- 
relate differently within different types 
of individuals is held, therefore, as most 
consonant with the psychological re- 
ality, the way is opened for the possi- 
bility of differences between the factors 
obtained from R and Q analysis. For 
the results of Q technique are not con- 
vertible into the results of R where the 
subject population providing the data 
for analysis is heterogeneous with re- 
spect to the modes of interaction be- 
tween variables. Where homogeneity of 
interaction between variables exists for 
all individuals within the subject sag 
ple, results from Q and R are transpo. aA 
able. By heterogeneity of interact 
between variables is meant the piu 
Where the pattern of correlations hin 
tween variables for one subgroup wit 7 
the total sample differs reliably pos 
the patterns of correlation derived ee 
other subgroups. That is, the nite 
ables, X, Y, Z, and so on interre! E 
differently in one subgroup of subje 
than they do in a second subgrounna i 

Within a sample of subjects P 
geneous with respect to such E 
criteria as age,, sex, intelligence, Es 
economic status, and so on, there ction 
still exist a heterogeneity of Te 
between variables. This is partic fer 
true where the variables being ity) 
related are derived from the per 
domain. Different “styles” of P exist 
ality organization are known tO 
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even within samples homogeneous with 
Tespect to conventional criteria. 
Some illustrations will help make this 
point clear. The variable “impulsivity” 
Correlated .54 with “suggestibility” in 
one population (Air Force captains), 
and — .50 with “suggestibility” in an- 
Other population (male graduate stu- 
dents). These differences in correlation 
are highly reliable. If a sample of sub- 
Jects had been drawn from each popu- 
‘lation and these samples combined, the 
Correlation between “impulsivity” and 

Suggestibility” when computed for the 
Combined sample would be zero, or 
tilted in one direction or the other, as 
a fortuitous function of the number of 
Individuals included in each subgroup. 

n R factor analysis of each of these 

Subgroups separately or of the com- 
ned sample would yield three widely 
A Seen results which could not be 
ks a and which in any event would 
. >e revealing of the various psycho- 


„ated 
ing 
four types of individuals 
those individuals both impul- 
d suggestible; those individuals 
| fe neither impulsive nor suggesti- 
ive those individuals who, while impul- 
thos, are not suggestible, and finally, 
© Individuals who are not impulsive 
the Pi Suggestible. Depending upon 
ation T or discontinuity of the 
3 difte. Ips involved, individuals inter- 
found to these polar types may be 
erns w hese varying personality pat- 
aviora] uig seem to have sufficient be- 
iscern; Implications to warrant their 
or al] oent. As indicated above, some 
an OF these may well be lost by R 
alysis, 


N ton tealizing from the above illustra- 
Matrix pay be shown that where a 
Contains ased upon correlated variables 
zero-order correlations, thus 
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providing little or no possibility of de- 
riving factors, the same data arranged 
to provide correlations between persons 
can result in perfect separation of indi- 
viduals into type factors.* While such 
extreme situations do not exist in na- 
ture, approximations to it to a greater 
or lesser degree do exist—to an extent 
we have tended to neglect in our in- 
vestigations in the past. 

Another illustration, this time less 
hypothetical, of the differences in re- 
sults obtained by R and Q analyses will 
further emphasize our basic point. One 
hundred military officers were assessed 
over a three-day period and the evalua- 
tions of staff psychologists of each sub- 
ject were codified by means of the Q- 
sort method of description.*\* The staff 
Q descriptions of each officer were corre- 
lated person by person and then cluster 
analyzed by Tryon’s method (8).* The 
first four clusters which emerged seemed, 
in terms of their defining characteristics, 
to be arranged along an impulse-control 
dimension. At one end of the underly- 
ing dimension were the dashing indi- 
viduals who cannot or do not modulate 
their impulses and needs. At the other 
end of the continuum were the con- 


1 Several years ago, Meehl (6) made essen- 
tially this same point in an article on the dis- 
crimination possibilities afforded by configur- 
ally scoring personality items. 

2This research was supported in part by 
the United States Air Force under Contract 
AF 18 (600)-8, monitored by Technical Di- 
rector, Detachment No. 7 (Officer Education 
Research Laboratory), Air Force Personnel 
and Training Research Center, Maxwell Aif 
Force Base, Alabama. Permission is granted 
for reproduction, translation, publication, use, 
and disposal in whole and in part by or for 
the United States Government. 

8 Personal views or opinions expressed or 
implied in this publication are not to be con-« 
strued as necessarily carrying the official sanc- 
tion of the Department of the Air Fetce or of 
the Air Research and Development Command. 

4The differences between factor and cluster 
analysis do not affect the argument being ad- 
vanced here. Š 
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stricted, defensively repressive individu- 
als. Occupying a middle stretch along 
the dimension were the comfortably 
conscientious individuals, relaxed and 
appropriate in their behavior. A group 
of rigidly conforming men fell between 
this latter group and the utterly con- 
stricted group. 

Now while the officers defining the 
two poles of the dimension differed 
strikingly in their ratings of rigidity, 
fluency, breadth of interest, and so on, 
they were alike in being described as 
sarcastic, guileful, and lacking in de- 
pendability. It is thus obvious that a 
correlation between, for example, the 
variables “sarcasm” and “rigidity” com- 
puted over the total sample of 100 will 
be affected by the differing ways in 
which the variables are related for the 
several groups being improperly com- 
bined. In point of fact, this correlation 
is — .11, clearly insignificant and un- 
informative. As other data show, the 
meaning of sarcasm in the diametrical 
clusters is different. For the impulsive 
individuals, sarcasm is seen as an addi- 
tional expression of their unmodulated 
spontaneity. For the threatened, con- 
stricted persons, sarcasm functioned as 
a means of externalizing inadequacy 
feelings and projecting hostility. The 
nature of these relationships would have 
been lost if the procedure of correlating 
persons had not been used. 

The argument we have here been ad- 
vancing is by no means new. Stephen- 
son (7), of course, has propagated it 
for years. Cronbach (3) also has called 
attention to the possible difference be- 
tween R and Ọ results. Even Cattell 
(2), who has vigorously argued against 
Q, says that “Q technique has its chief 
use as a classificatory device for finding 
the subpopulations in a nonhomogene- 
ous population . . .” (2, p. 502).5 


5 Incidentally, it is interesting to note that 
although Eysenck (4) cites this article as sup- 
porting the equivalence of 'R and Q, Cattell 
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In calling attention to the difference 
between the R and Q approaches, the 
present writer does not intend to en- 
courage pell-mell abandonment of R 
and total acceptance of Q. There are 
a number of difficulties involved in for- 
mulating data suitable for Q, while R 
still remains the method of chvice for 
data situations where the sample being 
evaluated is homogeneous with respect 
to “divergent” variables. The purpose 
of this note will fully have been realized 
if merely it is recognized that R and Q 
are not always fully convertible. It is 
also suggested, along with Beck (1), 
that at the present stage of personality 
research, correlating persons deserves 2 
greater emphasis than it has received in 
the past. 
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SOME PROBLEMS IN THE THEORY OF VIGILANCE? 


JAMES DEESE 


The Johns Hopkins University 


_In recent years there has been a re- 
vival ofsinterest in problems that center 
around the classical notions of attention 
and set. For the most part, this revival 
'S the result of practical concern with 

€ use of human observers as monitors 
under conditions of monotony. This 
rather applied approach, however, has 
not meant that theoretical problems 
ave been neglected. The British school 
(2, 3, 10) has been concerned with the 
ESY of monitoring (or, as the British 
saa to prefer, watch-keeping) almost 
a ae beginning of experimental work 

D e problem. Theory that has arisen 
fie the current work has tended to 
script the classical problem of the de- 

= Wn of subjective states in atten- 
Usef a has centered around concepts 

Ween In describing the relationship be- 
Vatio efficiency in detecting signals and 
cane environmental and organismic 

Itions, 
Wor. due to the influence of Mack- 
& (10), the words “attention” and 
“vigila ave been replaced by the term 
nce.” These words—attention, 
» and set—by no means refer to 
things, but they have common 
a class of psychological prob- 
it is a fruitless and arbitrary 
etween attempt to distinguish clearly 
tOWe, th them. Mackworth has bor- 
an e term “vigilance” from Head, 
reading Uses it to mean a high state of 
SS to perform adaptive and pur- 


Vigilance 
the Same 
“ging in 


oy and 
ask to 


Th 
© re 
Or; Search 
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posive acts. In operational practice, 
the term is anchored to such derived 
measures of performance as probability 
of response to a given stimulus or in- 
ferred thresholds for some stimulus. 
Vigilance is an excitatory state, and in 
opposition to it, Mackworth proposes an 
inhibitory process analogous to the in- 
hibitory processes discussed by Pavlov. 
Mackworth uses his inhibitory construct 
in a theoretical description of a general 
decline in ability to detect signals, a 
decline that he finds for relatively short 
periods of visual search. These de- 
clines occur when the conditions of 
search can best be described as monoto- 
nous. The major justification for the 
identification of such a decline in ability 
to detect with the growth of an active 
inhibitory state seems to be in the fact 
that Mackworth has observed an anal- 
ogy to the phenomenon of disinhibition. 
The present paper is concerned with 
further specifications of a concept of 
vigilance. The most basic assumption 
involved in the present theory is that 
the maintenance of a given level of 
vigilance in an observer depends to some 
extent upon stimulus events extrinsic to 
the observer. Much of this paper will 
consist of a discussion of alternative hy- 
potheses about the exact nature of the | 
stimulus events sufficient for the con- 
trol of vigilance. The main emphasis 
in the present account will be upon 
excitatory properties, and with respect 
to the excitatory properties of vigil- 
ance there will be little in conflict ` 
with Mackworth, perhaps because Mack- 
worth leaves vigilance largely unspeci- 
fied. The present account will ignore 
inhibitory properties, except for a brief 
section intended to show some of the 
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advantages that result from minimizing 
the importance of an inhibitory con- 
struct. 

Before presenting the hypotheses as- 
sociated with the present conception of 
vigilance, however, it is necessary to 
mention briefly the operational frame- 
work within which the concepts are to 
be evaluated. The experimental prob- 
lem to which the present notions are 
addressed is one in which observers 
search for small signals, at near thresh- 
old value, the location and exact time 
of occurrence of which cannot be pre- 
dicted by the observer. The data (6) 
reported in the present account come 
largely from studies of simulated radar 
watching on a PPI-type cathode-ray 
tube, though except for special condi- 
tions noted below, it is hoped that these 
studies provide fairly general prototypes 
for many conditions of search. Cer- 
tainly the degree of agreement between 
Mackworth’s (10) studies of the clock 
test and the simulated radar test sug- 
gests a fair amount of generality to the 
experimental situations discussed in the 
present study. 


Two ALTERNATIVE HYPOTHESES 


The first experimental problem to 
which the present notions were applied 
was that provided by varying the tem- 
poral distribution of signals.?2 It quickly 
became apparent that there were at 
least two hypotheses about the mode of 
action of the temporal distribution of 
‘signals upon detectability. Experimen- 
tal evidence has tended to favor one of 
these over the other, but since the mat- 
ter is by no means closed, a brief dis- 
cussion of each hypothesis is given in 
the following paragraphs. 

Thewfirst hypothesis was named the 
“reinforcement” hypothesis, for the good 


2 The term “signal” is used throughout this 
paper to refer to fhose stimuli that the ob- 
server is instructed to detect. a 
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reason that its fundamental mode of 
action was built on an analogy to the 
role of reinforcement in learning. Let 
us see how the analogy applies to the 
general problem of search outlined 
above—that is, to search for small, 
near-threshold signals which occur at 
random times and places. P 

At the outset of a period of search or 
watch-keeping we may assume that the 
observer operates at some specified level 
of efficiency, and, for the moment, we 
may assume that this level is constant 
from one period of search to another. 
We can measure this efficiency in vari- 
ous ways, but for the present let us 
consider the measure provided by cal- 
culating the percentage of signals de- 
tected in some period of time. This 
can be considered as a rough approxi 
mation to the momentary probability of 
detection. 

The observer’s initial level of detec- 
tion is determined by a host of factors 
such as motivation, skill, and the more 
specific receptor factors. We shall not 
be concerned with these things except 
to assume that they vary in a EN 
random way from observer to obema 
and from occasion to occasion. Ait) 
a probable warm-up period (6), it i 
assumed that the observer’s ability A 
detect (probability of detection) ess 3 
through a simple course of linear pe 
cline. Rather than introduce an vil 
necessary inhibitory construct, we W ig 
assume that this represents a Ce 
tion in the initial excitatory state F 
vigilance. Later it may be fruitfu E 
relate this excitatory state to oe ai 
termining states, such as motiva 
but for the present problem we 
leave these relationships unspecific rays 

It is apparent that we do not aiw 


z ility 
get simple linear declines in peo he 
of detection. This brings us ment 


critical assumption in the fon 
hypothesis. The theory aes 
the occasional signals which occu" 
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observer’s field of search determine the 
future course of his detectability. Spe- 
cifically, it is assumed that either the 
Occurrence or the detection of a signal 
leads to an immediate return of the ob- 
server’s state of vigilance to its initial 
level or to a level determined by a 
change in some other experimental vari- 
able. 
: A precise statement of this assump- 
tion depends upon whether one indicates 
that the mere presence of a stimulus or 
its actual detection (as indicated by a 
Verbal response) changes the level of 
Vigilance. There are reasonable argu- 
ments that could be advanced for the 
view that the signal need not be de- 
tected in order to be reinforcing; it has 
Ong been suspected that observers main- 
tain too high a criterion for admitting 
detection when it occurs, and there 
Seems to be some ground for assuming 
Hon conscious,” i.e., unrecognized, detec- 
= n of signals. Fortunately, it turns 
Ut that for certain purposes it does not 
make too much difference which version 
the assumption we choose; so for 
Present Purposes we may phrase the hy- 
Pothesis in terms of occurrence rather 
Rice detection. In an exact statement 
> ehe hypothesis, this assumption leads 
Ore elementary mathematics. 
A ni simple prediction which stems 
hai the reinforcement hypothesis is 
Oh ha close together in time will, 
abilit F PEES have a higher prob 
SA of being detected than signals 
vec Over longer time intervals. This 
oe esis has been tested in a simple 
ment (6), in which observers re- 
the appearance of small, dim 
RER esented on a cathode-ray tube 
E ef mulated radar-viewing test. The 
to a Were randomized with respect 
tant — on the tube. With an impor- 
izeq _\ePtion, they were also random- 
oral di respect to time. The tem- 
tha istribution had the restriction 
€ average rate of signal appear- 
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Fic. 1. Per cent signals (targets) detected 
as a function of the average rate at which 
targets appeared on the display. The points 
are averages for four subjects each on four 
three-hour periods of search. 


ance was specified and certain maximum 
and minimum times between signals 
were imposed. Four different rates were 
used, a rate of 10 signals per hour, one 
of 20 per hour, one of 30 per hour, and 
one of 40 per hour. The percentage of 
targets detected under each of these 
rates was measured in half-hour inter- 
vals over periods of search three hours 
in duration. 

The results of this experiment can be 
seen in Fig. 1. It is apparent that the 
hypothesis seems to be in accord with 
the facts. Detectability is higher when 
signals appear more frequently. Several 
subsequent experiments (6) verified this 
basic finding; signals appearing at a 
higher rate seem to be more readily de- 
tected. Furthermore, these experiments 
are in substantial agreement with those 
performed by Jenkins.* N 

However, another way of looking at 
the same data provides an additional, 


8 As reported in an unpublished paper by 
H. M. Jenkins, read in a Symposium on Vigi- 
lance before the’ American Psychological As- 
sociation'in New York, 1954. 
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independent test of the hypothesis. 
We can look at detectability as a func- 
tion of the size of the intersignal in- 
terval rather than of the rate of signal 
appearance. It is by no means neces- 
sary that these parameters measure the 
same thing; indeed, as we will see, they 
do not. So rather than look at rate, we 
can see what happens to the probability 
of detection for a given signal when that 
signal is separated from the previous 
one by a certain interval. The rein- 
forcement hypothesis would predict that 
detectability of a second signal would 
be greater the smaller the time interval 
between two signals; that is to say, the 
reinforcement hypothesis predicts the 
same thing for both rate and inter- 
signal interval. 

An exact test of this hypothesis de- 
mands that we consider the problem of 
whether it is the occurrence or the de- 
tection of a signal that has the postu- 
lated action of reinforcement. If we 
assume that the mere occurrence of a 
stimulus has a reinforcing effect, we 
would count intersignal intervals as the 
time between successive signals pre- 
sented to the observer. If, on the con- 
trary, we assume that it takes a de- 
tected (reported) signal to have the 
reinforcing effect, we would count the 
intersignal interval as the time from the 
last signal detected to a given signal. 
We have tabulated the data both ways, 
and while the outcome is not completely 
unequivocal (6), it certainly is true that 
the hypothesis is not supported. That 
is to say, intersignal interval either has 
no effect upon probability of detection 
(within a given rate) or the effect is in 
a direction opposite to that predicted 
by the hypothesis. In one experiment 
there was the suggestion that prob- 
ability of: detection could increase with 
intersignal interval. 

In any case, the experiments from the 
author’s laboratory, as well as analysis 
of Mackworth’s experiments (19), fail 
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to support the reinforcement hypothesis 
on this point. In view of this fact, 
the reinforcement hypothesis was aban- 
doned and a new hypothesis explored. 
Like the reinforcement hypothesis, this 
hypothesis stems from the notion that 
a basic excitatory state of vigilance is 
maintained by conditions of external 
stimulation. This hypothesis, however, 
involves a different set of assumptions 
about how the excitatory state is main- 
tained. These assumptions are em- 
bodied in what we may call an expect- 
ancy hypothesis, to keep the analogy to 
learning theory. The hypothesis states 
that (a) the observer’s expectancy oF 
prediction about the search task is de- 
termined by the actual course of stimu; 
lus events during his previous experi- 
ence with the task, and (b) the ob- 
server’s level of expectancy determines 
his vigilance level and hence his prob- 
ability of detection. 

Neither of these is a particularly 0b- 
scure or difficult assumption. Extra- 
polation from the present behavior of 
the environment to its future behavior 
is a common enough activity of man- 
The accuracy with which observers ca? 
discriminate the rate of occurrence © 
signals does not become a serious ques- 
tion, since the hypothesis is not state 
in a way to predict the exact level 0 
detection. The hypothesis simply pee 
that the feedback from the search tas 
determines what the observer expects 
from further participation in the task 1 
a simple proportional relationship ie 
that his vigilance will vary according’ y 

With this notion of expectation oeni 
mining output, it is easy to see that al 
arrives at the same prediction with ri 
spect to detectability and average 14 
of signal appearance as that made m 
the reinforcement hypothesis. AS ne 
as the average frequency of target ae 
mains low, the expectancy of beer, 
one is low, and when frequency 15 sole 
expectancy will be high. With resp 
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to the intersignal interval question, how- 
ever, the expectancy hypothesis and the 
reinforcement hypothesis part company. 
In the form outlined above, the expect- 
ancy hypothesis merely predicts that 
the detection for a given signal should 
be determined by the average of all 
Signal®intervals before the one in ques- 
tion. Thus the probability of detection 
for any given signal in a series should 
be the same as that for any other sig- 
nal, assuming that the distribution of 
Signal intervals is not some nonrandom 
function of time. 


FURTHÈR DEVELOPMENT OF THE 
Expectancy HYPOTHESIS 


Any further prediction that the ex- 
Pectancy hypothesis might make about 
the effects of intersignal interval would 
Stem from an extension of the first as- 
Sumption of the hypothesis. The first 
assumption of the expectancy hypothe- 
SIS states that the observer’s prediction 
about the future course of stimulus 
Events in the field of search is deter- 
at by the actual course of stimulus 
eae in his past experience. Thus the 

Sumption demands a linear relation- 
ibs Detween the average of some se- 
an aspect of past events and vigi- 

nce with respect to events at any 
= ie Moment. If the task is invariant 
after “me Vigilance will change little 
net the average level of expectancy 
ae een reached. It is probable, how- 

T, that such an assumption demands 
Sia observer’s activities be very 
actua “tle simple than they probably 
ddit; Y are in search experiments. In 

lon to an over-al? level of expect- 
aad determined by a nonweighted 
oe of past events, it is reason- 
Pectan, Suppose that the observer’s ex- 
ie fluctuates over short ranges 

i e in a predictable manner. 

„US assume, for example, that for 
8lven signal the observer’s expect- 


e 


anc 


any 


ancy is exactly determined by the mean 
intersignal interval. Let us further as- 
sume that the observer’s ability to esti- 
mate time since the last target is free of 
constant error and shows relatively low 
variable error. If these assumptions are 
correct, expectancy should be low im- 
mediately after a signal, should increase 
as the mean intersignal interval is ap- 
proached, and finally should become 
quite high as the intersignal interval 
grows beyond the mean. The mean 
probability of detection averaged over 
these periodic fluctuations would corre- 
spond to the average intertarget inter- 
val. This notion implies that if we look 
at probability of detection as a function 
of intersignal interval, we ought to ob- 
tain something quite different from the 
prediction made from the reinforcement 
hypothesis. Unfortunately, the data 
thus far available are equivocal, and 
the equivocality does not only depend 
upon the confusion caused by the alter- 
nate assumptions of occurrence or de- 
tection affecting vigilance. There is some 
evidence from Mackworth (10) and 
from experiments by the present author 
(6) indicating that probability of de- 
tection increases with increasing inter- 
vals between presentation of signals; 
unfortunately, however, both Mack- 
worth’s data and the data from the au- 
thor’s experiment are confounded, for 
purposes of this analysis. One experi- 
ment in which spatial location and fre- 
quency of intersignal intervals were not 
confounded with size or intersignal in- 
terval obtained negative results (6), 
both on analysis by stimulus presenta- 
tion and interval following stimulus de- 
tection. A more thorough experimental 
exploration of the problem is still in 
order, and it seems safest to regard the 
issue as unsettled. o 
Perhaps it should be pointed out that 
in regard to the question of the tem- 
poral distribution of signals, the differ- 
ences between the two hypotheses we 
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have been discussing are mainly con- 
cerned with one rather elementary point. 
The question is whether the probability 
of detection for any given signal is de- 
termined ex¢lusively by the temporal lo- 
cation of the signal immediately preced- 
ing the signal in question or whether it 
is determined by a large and rather in- 
determinate number of signals preceding 
the signal in question. The assumed 
activities on the part of the observer 
differ principally in the nature of reac- 
tion to signal feedback. The failure of 
the reinforcement hypothesis suggests 
that it is not fruitful to regard the ob- 
server as a passive instrument that re- 
members only the time since the last 
signal. Rather, it seems more fruitful 
to regard the observer as a detecting 
instrument that is continuously per- 
forming a kind of averaging of previous 
input in order to extrapolate the re- 
sults to future behavior of the search 
field. This process can be considered to 
be directly analogous to the important 
notion of adaptation level, hypothesized 
by Helson and his associates (e.g., 7). 
Let us briefly consider some prob- 
lems other than temporal distribution to 
which the expectancy hypothesis might 
apply. For example, there is the prob- 
lem of the spatial distribution of sig- 
nals. For an experimental hypothesis, 
we might suppose that the probability 
of detection for different portions of the 
field of search could be altered by sys- 
tematically varying the spatial distribu- 
tion of signals in the field. In point of 
fact, it was rather a disappointment to 
find that no such effect could be experi- 
mentally induced (6). It could be 
argued, however, that the experiment 
conducted by the present author was 
inadequate; the entire field of search 
covered only about 30 degrees of visual 
angle, and the absolute frequency of 
signals was very high (60/hour), thus 
minimizing the possibility. of differences 
attributable to spatial - distribution of 
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previous signals. Finally, it is possible 
that the spatial distributions were not 
extreme enough. Despite all of these 
arguments as to the inadequacy of the 
experiment, it seems likely, for radar 
viewing, that such an effect would be 
extremely inconsequential in magnitude, 
if it occurred at all. a 

The reason for this tentative conclu- 
sion stems from an earlier experiment 
(4) from the author’s laboratory. In 
this experiment detectability thresholds 
(in decibels of attenuation from a fixed 
signal voltage) were measured under a 
variety of conditions in which observers 
were (a) instructed to search only 4 
portion of the scope, and (b) forced 
to search only a portion of the scope 
by having the remainder of the scope 
masked over. Instructing observers tO 
search only a portion of the scope ba 
no effect upon detectability, but One 
could improve detectability to the e* 
tent of about 2 db. by masking out g 
portion of the scope (if the masking } 
done by annuli rather than sectors). 
From these results it seems reste. 
that detectability for PPI-type disp gh 
would be very sensitive to chante 
spatial distribution of signals, UP A 
the observers were forced not to at is 
to part of the search field. This i ie 
probably an inherent property likely 
viewing of PPI displays, and most Ht% 
reflects the effect of a moving ae ee 
luminance gradient. The result z 
factors is that almost inevitab ay 
observer distributes his prints i hus, 
equally over the entire scope ` -on 
while ae effect of spatial oe s, 
may occur for some visual searc all of 
it probably does not occur for 
them. ems 

It is apparent that many prone 
could arise out of the present pe search 
of the expectancy hypothesis S evels 
behavior. In this brief paper, r prob: 
we will look at only one et hy“ 
lem, one that is fundamental to 
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pothesis. This problem is provided by 
the fact that the hypothesis is stated in 
such a way that the observer’s extra- 
polation of the future behavior of the 
search field is separated from his vigi- 
lance for signals in the field. Such an 
assumption is necessary if one wishes 
to aVoid the rather artificial implication 
that vigilance is determined directly by 
task feedback. It is clear that there 
are states characteristic of the indi- 
vidual that would not affect his ability 
to estimate what he sees the task to be 
but which would affect his motivation 
to participate actively in the task. We 
May characterize such states as indi- 
vidual differences in vigilance. Having 
So characterized them, it is our task to 
discover measures of behavior which 
Predict levels of vigilance expected in 
Some individual on a search task. That 
Such a task is psychometrically fea- 
sible is indicated by Jenkins’* finding 
that the within-individual-between-ses- 
Sion correlations of probability of de- 
tection are high. 

The most direct approach to this 
Problem is to look for other measures 
of behavior in the search situation it- 
Self. Among those that have been meas- 
ured are frequency of false reports (in- 
Cidence of reporting a signal when none 
1S presented) and reaction time. There 
are ample data to show that while fre- 
quency of false reports varies from one 
individual to another, it does not cor- 
relate with probability of detection (6). 
On the other hand, Jenkins’ analysis of 
uS own data suggests that the reaction 
time to a pilot signal and probability of 
detection of the scored signals correlate 
to a significant degree. This is par- 
ticularly encouraging, since one would 
clearly expect vigilance to determine re- 
action time to a related but unscored 
Signal, and it is entirely reasonable that 
Such a correlation could be independent 


* See footnote 3. 
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of the observer’s estimate of the future 
behavior of the task. 

It is perhaps a little puzzling that fre- 
quency of false report turns out to have 
no significant correlations “(except with 
rate of signal appearance), but it is at © 
least satisfying (if somewhat post hoc) 
to suggest that expectancy based upon 
experience. swamps any individual dif- 
ferences in tendency to respond to sig- 
nals. This tentative notion receives some 
support from the fact that, in the ex- 
periments by the present author (6), 
those individuals who showed a very 
high false report rate (by verbal report 
at the close of the experiment) had no 
higher subjective estimates of the rate 
of signal appearance than those observ- 
ers who showed no false reports, or only 
one or two, during the course of the ex- 
periment. 


Is AN INHIBITORY CONSTRUCT 
NECESSARY? 


Let us take a brief look at the role 
of an inhibitory construct in a theory 
of monitoring or watch-keeping. A gen- 
eral notion of “fatigue” has of course 
frequently turned up in research on 
visual tasks. The difficulty of finding 
a suitable index of fatigue in visual 
work, however, is ample evidence that 
the concept, as widely used, is so vague . 
and nonoperational as to be virtually 
useless. Indeed, Bartley and Chute (1), 
in their monograph on the subject, 
showed that they were convinced that 
the only meaningful referent for the 
word “fatigue” was to its subjective 
properties—i.e., to what observers said 
they felt like. 

In the work on visual monitoring, 
however, a fatigue-like concept has been 
used in a much more specific and opera- 
tional context. In Mackworth’s studies 
of visual search he was able to show, 
under controlled circumstances, that 
there was a mores or less monotonic 
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decline in detectability with time at 
search over a period of two hours. 
Various experimental variables intro- 
duced by Mackworth convinced him 
that the decline in performance could 
be attributed to an active inhibitory 
process, analogous to the inhibitory 
processes invented by Pavlov. 

Mackworth’s notions were elaborated 
by Broadbent (3) in a paper on clas- 
sical conditioning and human watch- 
keeping, and Broadbent pushed the 
analogy to Pavlov’s inhibitory con- 
structs even further. Both Broadbent 
and Mackworth assume that a con- 
tinuous decline in detectability is the 
rule for visual search under monotonous 
conditions. However, a difficulty with 
any simple application of the inhibitory 
construct seems to be that sometimes 
detectability rises instead of falls with 
continuous search (6). Sometimes the 
curves of detectability as a function of 
time at search fluctuate in a highly ir- 
regular manner (6). 

It is easy enough to attribute such 
fluctuations to recovery from inhibition, 
in the form, perhaps, of disinhibition, 
But is more difficult to point out just 
why disinhibition occurs where it does, 
or, to be more accurate, it is difficult 
to predict when and where in a given 
search task disinhibition is apt to oc- 
cur, unless one introduces special stimu- 
lating circumstances to produce it, Thus 
we must decide, at the least, that the 
circumstances determining the develop- 
ment of inhibition are very complicated, 
or tnat it is easily obscured even in very 
simple, well-controlled search tasks. 

The case against a special inhibitory 
construct is further bolstered by a con- 
sideration of the nature of the disinhibi- 
tory stimuli used by Mackworth. In 
the strict Pavlovian usage, a disinhibit- 
ing stimulus is a neutral one ; it is hard 
to know what “neutral” means in the 
context of visual search, but it is clear 
that Mackworth’s stimuli were meening- 
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ful and perhaps motivating to his sub- 
jects. 

It is also apparent that in visual 
search an end-spurt can occur if the ob- 
server knows something of the duration 
of the search period, and there is also 
the suggestion that a warm-up effect oc- 
curs, even when the observers are fairly 
well practiced at the task (6). While 
there is no compelling reason not to de- 
scribe all of these effects in terms of the 
dissipation of inhibition, there is like- 
wise no good reason for doing so. It 
seems merely cumbersome to propose a 
state of vigilance, and then to assume 
that apparent declines in vigilance are 
due to the active inhibition of the posi- 
tive process by an additional, negative 
process. à 

There is a widespread belief—so wide- 
spread, as a matter of fact, that it 
has almost reached the proportions of 
folklore—that continuous, monotonous 
visual search (as in driving on a mod- 
ern highway) produces a condition akin 
to hypnotic sleep (whatever that may 
mean). At any rate it seems clear, be- 
cause it can be established in the labo- 
ratory, that observers may lose vigilance 
beyond the point of voluntary recovery- 
That is to say, no matter how hard they 
try, they cannot increase their atten- 
tiveness to the signals being search 
for, whereas an extraneous event may 
restore their ability to observe and de- 
tect signals in the visual field. 

Despite the fact that at first glance 
such effects seem most attractively dê 
scribed in terms of inhibition, a moe 
serious glance at these facts, toget gi 
with certain auxiliary information, se 
gests that they are more fruitfully CO 
ceived of as the absence of some norm 1 
excitatory state. If we turn to the ne 
rophysiological observations on sy 
we see some interesting possibilities a 
perhaps have a bearing on the prob 
of vigilance in search. We know; the 
example, that the waking center 1? 
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hypothalamus, in part at least, must be 
maintained at a high excitatory level by 
continued sensory input. Thus the re- 
duction in the sensory input character- 
istic of monotonous search may reduce 
the excitability of this or analogous cen- 
ters in the control of the activity of the 
organism. 

A glance at Kleitman’s (8) double 
theory of sleep shows some interesting 
comparisons. Kleitman makes a dis- 
tinction between a wakefulness of ne- 
cessity and a wakefulness of choice. 
Wakefulness of necessity is character- 
ized by the polyphasic sleep patterns 
of many animals and human infants. 
Whenever such an organism is deprived 
of sensory input, or the sensory input 
declines, the activity of the waking cen- 
ter is reduced and the organism sleeps. 
But to a certain extent the cerebral cor- 
tex can control the pattern of wakeful- 
ness and sleep; hence the matter of 
wakefulness of choice. It seems en- 
tirely reasonable that the wakefulness 
of choice depends not only upon the 
autonomous activity of the cortex, but 
Upon the level of sensory input as well. 

his interpretation suggests a good 
eal more for the theory of vigilance 
an a mere negation of an inhibitory 
op struct, It suggests the importance 
ee sensory input in the voluntary 
sibl rol of vigilance. It is quite pos- 
Raise example, that restricting the 
ve P rloceptive and tactual input by 
À E the observer to remain seated in 
clin a Position contributes to the de- 

A a vigilance and to an inability of 
i server to recover vigilance volun- 
Pret This is very close to the inter- 
and SR given by McFarland, Holway, 
DLs agian (9) to their finding that 
ne a uminanite increase in size as 
a ntinues to take measurements; 
at, if one allows the observer to 


Sta, 
nd up and stretch, the DL’s recover. 
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The present view is, therefore, that 
the problem of maintaining vigilance 
under conditions of monotonous search 
can better be viewed as a problem in 
maintenance of a background sensory 
input than as the problem of dissipating © 
an accumulation of central inhibition: 
There are several consequences of this 
view that are susceptible to experimen- 
tal test. It suggests that we ought to 
look for individual differences between 
observers in measures that reflect an in- 
dication of tension level in the indi- 
vidual. Hence, there is the strong sug- 
gestion that we look at the interaction 
between indices of muscle tension, de- 
tectability, and signal rate. Further- 
more, since there are reasons for sus- 
pecting that various personality meas- 
ures reflect tension levels in the indi- 
vidual, there are reasons for looking 
at the correlations between personality 
scores and detectability. The highly 
promising work of Davis (5), from the 
Cambridge laboratories, suggests that 
this is an especially fruitful approach. 
At any rate, all these problems stem 
from a notion of vigilance as maintained 
by excitatory input rather than by in- 
hibition. And, until we have explored 
these possibilities, it is probably not the 
best strategy to concentrate exclusively 
on the properties of an inhibitory con- 
struct to account for decline of visual 
search. 
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STATISTICAL THEORY OF DISTRIBUTIONAL 
PHENOMENA IN LEARNING 
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One aspect of distribution of practice 
that recent reviewers (14, p. 189; 24; 
25) seem agreed upon is its persistent 
refractoriness to any general theoretical 
Interpretation. If general is taken to 
mean comprehensive, then I can see no 
8tound for optimism on this point. In 
all likelihood distributional phenomena 
are influenced by an extensive set of 
Variables which vary in relative impor- 
tance from one situation to another. 

here is no reason, however, why this 
Complexity should be expected to bar 
Progress toward theories which are lim- 
ited in the sense of dealing with effects 
of independent variables taken singly 
or in limited combinations, yet general 
in the sense of applying to a wide range 
of situations, 

E The approach to problems of distribu- 
lon that will be developed here con- 
tinues a theoretical program outlined 
in a recent paper (6). The over-all 
Strategy is to start by analyzing in de- 
tail the variables of most ubiquitous in- 
as nt in order to see how much they 
onat for, leaving for later considera- 
Gale local variables which are important 
tion ìn restricted types of experimenta- 
a in our previous investigation of 
= aneous behavioral changes (6), 
a etd analysis of the distribu- 
chi a problem discloses two independ- 
infe variables associatęd with intertrial 
les that probably modify the 
3 Se of learning under all experimen- 

arrangements. These variables are 
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mulus fluctuation and interpolated 

1l . 

Bion Paper was prepared during the au- 

eS tenure as a faculty research fellow of 
ocial Science Research Council. 


learning. In the preceding study, the 
former was incorporated into a mathe- 
matical model in order to permit deri- 
vation of its testable consequences. 
Since experimental arrangements are es- 
sentially the same in studies of spacing 
as in studies of spontaneous changes, 
we need only make further application 
of the same model in order to investi- 
gate the role of stimulus fluctuation as 
a determiner of spacing effects in learn- 
ing. 

It will be convenient to consider sepa- 
rately the two principal aspects of learn- 
ing distinguished in contemporary theo- 
ries: (a) changes in resistance to ex- 
tinction or resistance to forgetting, and 
(b) changes in momentary probability, 
rate, or latency of the response. This 
distinction will be recognized as cor- 
responding in essentials to that be- 
tween habit strength and momentary 
reaction potential in Hull’s system (10), 
or that between reflex reserve and re- 
flex strength in Skinner’s (21). For 
brevity I shall use the terms habit 
strength and response strength to dis- 
tinguish the two concepts. 

At a common-sense level, we should 
expect that stimulus fluctuation would 
affect the two types of learning measure 
differently. To the extent that fluctua- 
tion occurs, the make-up of a stimulat- 
ing situation will vary from trial to trial 
or from period to period. Therefore, 
insofar as the effects of this one vari- 
able are concerned, rate of learning in 
terms of change in response strength 
should be increased by reducing thé-in- 
tervals between trials or periods. On 
the other hand, resistance to extinction 
or forgetting Should be expected to de- 
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pend on having the response condi- 
tioned to as many as possible of the 
stimuli which might occur during ex- 
tinction or during a test for retention; 
therefore, rate of change in habit 
strength should be directly related to 
intertrial interval. These notions will 
be worked out more rigorously in the 
following pages. 

The concepts and assumptions that 
will be needed for this task have all 
been presented in a previous paper (6). 
Only those that are most critical for our 
present purposes will be reviewed briefly 
at this point. In order to permit self- 
selection diets for readers of varying 
mathematical appetites, I shall again 
follow the procedure of discussing the 
model -and its applications first at a 
verbal level and then, in a separate sec- 
tion, in mathematical terms. 


CONCEPTS AND AssuMPTIONS 


It is assumed that the stimulus vari- 
ables associated with any environmen- 
tal situation undergo constant, random 
fluctuation. Consequently, of the total 
Population of stimuli available in a 
given situation over the course of an 
entire experiment, only a randomly se- 
lected subpopulation will be available 
during any one experimental period, 
On any one trial, the organism samples 
the available subpopulation; the prob- 
ability that any available stimulus ele- 
ment will be sampled on a trial is the 
parameter @ which has been prominent 
in other developments of statistical 
learning theory (7, 19). We shall rep- 
Tesent the total stimulus population 
associated with any experiment by a 
mathematical set S, the subpopulation 
available on any one period by a set S, 
end the subpopulation of temporarily 
unavailable elements by S’. 

There is, then, a continuous, random 
interchange of elements between S and 

During a given period, all the ele- 
ments in the available set S may be 
conditioned or extinguished wkile those 
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in S’ are unaffected. Since probability 
of a given response is assumed equal to 
the proportion of conditioned elements 
in S, it is possible for response prob- 
ability to go to unity or zero during a 
period of conditioning or extinction even 
though there remain in S’ many ele- 
ments, unconditioned or conditioned, 
respectively, which may reappear in S 


during some later period and alter the. 


response probability. 


INTERPRETATION OF DISTRIBUTIONAL 
PHENOMENA 


Rate of change in habit strength as @ 
function of spacing. Accoraing to out 
assumptions, there will be available for 
conditioning or extinction during any 
one period? only a limited portion of 
the total population S of stimulus ele- 
ments which may appear in the given 
experimental situation at any time. 
Consequently, complete extinction of & 
response can be achieved only if m 
series of extinction periods is distribute 
over a long enough interval so that in 
the course of random fluctuation ore 
Previously conditioned element in t 
population appears in the available s$ 
S during at least one period. And o 
general, the greater the number of coni 
ditioned elements present in both BA 
of the population S, at the onset of i 
tinction, the longer it will take, in ee 
of time, trials, or periods, to reac Fc 
given criterion of extinction. We Ae 
also seen in an earlier paper (6) sia 
according to the present theory, ree ren 
ance to forgetting will be directly ned 
lated to the total density of conditio 
elements in S,. , - 

Since both of the observable S vo 
toms of habit strength vary dire i 

io! 

? To avoid circumlocution, the term Prol- 
will be used here to refer to any of Faition- 
lowing: (a) a period during which cora (b) 
ing or extinction is carried to a A jor of 
a period of fixed duration, (c) @ tances ° 
trials, or (d) even in some circums 
single trial. 


i) 


| 


DISTRIBUTIONAL PHENOMENA IN LEARNING 


with total density of conditioned ele- 
ments, we need only consider the rela- 
tionship between the latter variable and 
conditions of spacing. The predicted 
effects of varying the length of the rest 
Interval between successive conditioning 
Periods follow directly from the sam- 
pling sodel. Rate of increase in the 
Proportion F(m) of conditioned ele- 
ments in S, will be maximal if the in- 
terval is long enough so that the avail- 
able situation S during each successive 
Period represents a new random sample 
from the total population. As the in- 
eval is reduced, there is less oppor- 
oad for ‘elements that are in S, and 
F us become conditioned, during one pe- 
ìod to escape and be replaced by un- 
bay noned ones before the next pe- 
ae and consequently rate of growth 
tion (m) is retarded. These considera- 
EN give rise to the family of curves 
Sy a in the lower panel of Fig. 1, 
Bite has interperiod interval as a 
ee Following the first period, 
Ceti of the curve is a uniformly in- 
a Sing function of the interval. The 
awe acceleration of these curves is 
will ot course, to the fact that there 
ae fewer unconditioned elements 
ecaa E to be sampled after each 
ihe ave period. Analogous considera- 
extin old for changes in F(m) during 
iction so that, other things equal, 
A an a stance to reconditioning” will 
elw increasing function of the interval 
een successive extinction periods. 
as ath of change in response strength 
mene et of spacing. Changes in 
k folle Strength during learning may 
Sophie empirically by obtaining 
or Tike of response probability, rate, 
cessive CY at the beginning of each suc- 
conside period. For simplicity, we will 
Shown 5 teed probability. It can be 
for ay ) that all arguments that hold 
the o soptity carry over directly to 
during i change in response probability 
earning will be less simply re- 
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Fıc. 1. Proportion of conditioned elements, 
F(m), in the total population as a function 
of conditioning periods, m. In the upper 
panel the parameter is J, the relative size of 
the available set S during any period; in the 
lower panel the parameter is t, duration of 
the interperiod interval. 


lated to the interperiod interval than 
was the rate of change in habit strength. 
If we compare probability curves for a 
relatively massed and a relatively spaced 
group, the former will certainly be ex- 
pected to show the steeper rise at the 
outset of conditioning, for between the 
first and second periods fewer of the 
newly conditioned elements will escape 
from S if the interval is short. On the 
other hand, the gain per period in to- 
tal number of conditioned elements is 
greater for the spaced group. From 
this fact we might guess that as the se- 
ries goes on, the theoretical curve for 
the spaced group will overtake and 
then surpass the curve for the massed 
group. As a matter of fact this sur- 
mise can be proved to be cosrect,«.as- 
we shall demonstrate in a later sec- 
tion. The principal characteristics of 
the family of curves having interperiod 
interval as a parameter are illustrated 


in Fig..2. 
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According to our assumptions, the 
course of extinction over a series of ex- 
tinction periods will be influenced by 
the length of the interval between pe- 
riods in precisely the same manner as 
the course of conditioning. Curves of 
response probability for massed and 
spaced extinction groups will be ex- 
pected to cross, with the latter starting 
out higher but overtaking the massed 
curve and running below it during the 
later extinction periods. 

So far we have considered only uni- 
form sequences of conditioning or ex- 
tinction periods, since these are the 
cases that have been studied experi- 
mentally. Suppose, however, that a 
group of organisms were administered a 
mixed series of conditioning and extinc- 
tion periods. Predictions can be gener- 
ated from the present theory concerning 
the course of learning over any speci- 
fied series. An interesting special case 
arises if we modify the usual partial 
reinforcement procedure by taking a 
block of trials or an experimental pe- 
riod rather than a single trial as the 
unit relative to which reinforcement is 
randomized. A theoretical account of 
this case is given in the following sec- 
tion and illustrated in Fig. 2. An ex- 
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Fic. 2. Response probability in the tempo- 
rary situation S as a function of number of 
conditioning or extinction periods, m. The 
two upper curves represent a sequence of con- 
ditioning periods, the two lower curves a 
random sequence of.. conditioning and extinc- 
tion periods with ~ equal to .5. In each case 

the parameter is ż, the interperiod interval. 
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periment which provides a preliminary 
test of the theoretical predictions has 
recently been reported (12). 


MATHEMATICAL DEVELOPMENT OF 
DISTRIBUTIONAL THEORY 


Now it is desirable to show, more 
rigorously how the assumption of ran- 
dom stimulus fluctuation leads to de- 
tailed quantitative predictions concern- 
ing spacing phenomena. A mathemati- 
cal model incorporating the fluctuation 
concept has been presented in a preced- 
ing paper (6). Here we shall review 
briefly a few important terms and re- 
lations, and then proceed to apply the 
same model to problems of spacing. | 

As before it will facilitate expositio” 
to restrict the formal treatment fi 
highly simplified conditions. We Mi 
assume that the behaviors available 1 
the organism in a given situation ri 
categorized into two mutually ace 
and exhaustive classes, 4 and A, tHe 
former being the response recor 
that each stimulus element in S, is oa 
ditioned either to A or to 4; ea 
probability of response A at any E H 
during an experimental period is ae 
to the proportion of elements in S = fe 
ditioned to A; and that all baa: 
in S* have equal probabilities © 
pearing in S. por 

Let £ represent duration of the we 
period interval; W and W’ the A re- 
numbers of elements in S and t 
spectively; C the probability me ope 
element in S’ during period ™ — 
Pears in S during period m; and 
probability that an element in 5 pe- 
period m — 1 je still there eae ips 
riod m. Two important relation are 
derived in the preceding paper ai 

C=J(1— 4t) 
and [2] 
B=J+(1—J)a', 


NN’, a 
where J is the ratio of N to N + att rate 
a is a slope constant depending 
of stimulus fluctuation. 
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_ Now we are ready to derive predic- 
tions concerning the course of learning 
as a function of trial spacing. 

Rate of change in habit strength as a 
function of trial spacing. We require 
the probability F(m) that an element 
Is conditioned to response A after m 
learning periods when the interperiod 
terval is ¢ and all elements present in 
S during any given period become con- 
ditioned to A. The latter assumption 
implies that the proportion J of the un- 
Conditioned elements in S, will become 
Conditioned during the first period and 
the Proportion C on each subsequent 
Period, yielding the relations 


F(1) = (1—J)F(0) +J 
F(2) = F(1) + C[1 —F(1)] 
=i —J)F (0) +I +E 
xf1— (1—J)F(0) —J] 
=1-— (1—J)[1— F(0)] 
x(1—C) 


and so on. It can be proved by mathe- 
matical induction that in general 


Fim) = 1— a= 
x[1 — F(0)](1—C)™. 


Since from equation 1, 
C=J(1—a') 
we have finally 


Pm) =1~ (1 —y)[1 — F(0)] 
x(1—J + Jat)” [3] 


and it can be seen that F(m) is an in- 


tecasing function of the interperiod in- 
erya] 


ill t for all m. This function is 
wie ted in the lower panel of Fig. 1 


£ as a parameter. Under the con- 
ns assumed here, varying the size 
e training unit, i.e., the duration 
o: iao ditioning period or the number 
sult, 2 Per daily block, will simply re- 
ing o modifying the value of J, yield- 
a e family of curves illustrated in 
con “pper panel of Fig. 1. Analogous 
Siderations hold for changes in F(m) 


uring extinction. 


ditio 
of 
of a 
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Comparison of the upper and lower 
panels of Fig. 1 might lead one to sur- 
mise that, beyond a moderate rest in- 
terval, the advantage of distribution of 
practice will come chiefly from dividing 
a given number of training trials into a 
larger number of spaced blocks. As a 
matter of fact this prediction does fol- 
low from the theory, not only for the 
highly restrictive conditions assumed in 
the derivations of this paper, but quite 
generally. For any situation in which 
the learning curve within a daily period 
is negatively accelerated, the total num- 
ber of trials needed to attain a criterion 
of learning will increase with the num- 
ber of trials per daily period, the func- 
tion approaching linearity as the num- 
ber of trials per period becomes large. 
This relationship is attributable to the 
fact that fewer elements are conditioned 
on the second trial of a daily period 
than would have been conditioned if 
this trial had been postponed until the 
next period, and a similar argument 
holds for each succeeding trial. Once 
the daily period is made large enough 
so that nearly all of the available ele- 
ments are conditioned to the response 
in question, further increase in the 
number of trials per period will simply 
yield a proportionate increase in the 
total number of trials to a criterion. 

Rate of change in response prob- 
ability as a function of trial spacing. 
Let us represent by p(t,m) the prob- 
ability of response A in S at time ¢ fol- 
lowing the mth of a series of learning 
periods, the periods being uniformly 
spaced with interperiod interval equal 
to #. First we consider a series of ac- 
quisition periods with all elements pres- - 
ent in S during a period becoming con- 
ditioned to response A. We can write 
immediately: o oS 


1 
plim) = z ENB + {W 
f + N')F(m) — N}C] 
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where B, C, and F(m) are as defined 
above. The first term inside the brack- 
ets is the number of conditioned ele- 
ments in S at time ¢ that are held over 
from the preceding experimental period, 
while the second term is the number of 
conditioned elements that were outside 
S at the end of the preceding period but 
drifted into S by time ¢. Simplifying by 
means of the relation J = N/N + N’, 
and expanding C and B by means of 
equations 1 and 2, we arrive at the 
function 


pim) = B+ (= — 1)c 


=1- 1- [i -— FO] -— a) 
X(1— JF Ja)" [4] 


which for all its forbidding appearance 
has only three free parameters and is 
relatively simple in form, as illustrated 
in Fig. 2. It will readily be seen that 
when m equals 1, response probability 
will be inversely related to the interpe- 
riod interval ¢. For sufficiently large m 
the derivative of p(t,m) with respect to 
t will be positive and therefore response 
probability will be directly related to ¢. 
Therefore, as shown in Fig. 2, any pair 
of otherwise comparable massed and 
spaced curves will cross exactly once. 

The corresponding function for a se- 
ries of extinction periods during which 
all elements present in S are uncondi- 
tioned from A, i.e., conditioned to an 


opposed response A, is obtainable in 


precisely the same way and turns out 
to be 


b(t) = F(0)(1—J) 


X(1—at)\(1—J+Jat)m [5] 


Random reinforcement. Finally we 
consider a series of periods run under 
the same conditions assumed in the 
derivation of equations 4 and 5 except 
that acquisition and extinction periods 
appear in a random order. It can be 
verified by substitution from equation 
4 that if period m + 1 is an azquisition 
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period then 
plim +1) = (1—C)p(tm) +C 


whereas if it is an extinction period, it 
follows from equation 5 that 


p(ém +1) = (1—C)p(t,m). 


Again C is being used as an abbrevia- 
tion for J(1 — at). If acquisition and 
extinction periods occur with relative 
frequency ~ and 1 — ~ respectively, the 
expected response probability after pe 
riod m+ 1 will be the average of the 
two expressions preceding: 


E[p(tm+1)] =7[(1 — CY 
Xp(tm) +C] + (1—7) 
xl Be 
= (1—C)p(t,m 
Cece ier 


Solving this difference equation by 
standard methods we obtain 


p(tm) =v — K(1 — C)" 


d 
where K is an arbitrary constant, 4” 
finally 


y =r-(1-J a — F(0)] 
Poe) mi Și ise es jaye a 


when K has been eliminated by ae 
the expression for p(t,1) obtained fr 7 
equation 7 equal to the mean bigs, 
P(t,1) computed from equations a) is 
5. Since the quantity (1 — J + ue the 
a fraction between zero and one, ua- 
second term on the right side of cas 
tion 7 tends to zero as m increase 
response probability approaches 7 a 
asymptote regardless of the value 0⁄5 
or the duration of the interperio “4 


ig. 
terval. The dashed curves of tertria! 
illustrate the effect of varying 1” 
interval in a series with 7 = -9- 


es- 

It should be noted that the ey in 

sions for response probability dee for 

this paper refer to expected v4 He of 

individual organisms or for Fie pa- 

organisms with like values 0 a js 29 
rameters: J and a. However, 1 


eer 
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likely that the errors of approximation 
involved in applying the derived func- 
tions to averaged data from groups of 
experimental subjects will be large rela- 
tive to the errors of measurement in- 
volved in ordinary learning experiments. 


EMPIRICAL RELEVANCE AND ADEQUACY 


What I have tried to accomplish in 
this paper and the one preceding (6) is 
to work out in systematic fashion the 
behavioral effects of stimulus fluctua- 
tion which is strictly random with re- 
Spect to experimental variables. To 
the extent,that distributional phenomena 
Prove to be attributable to this source 
of variation, the burden of explanation 
Upon such constructs as inhibitory po- 
tential will be commensurately reduced. 
To be sure, the conclusions we have 
reached are not independent of the spe- 
cific techniques of conceptualization and 
derivation used, but it seems doubtful 
that the main features will prove very 
Sensitive to the choice of mathematical 
techniques.? 

In applying the theory to learning 
experiments, we are led to fractionate 
he empirical materjal into three main 
8toups: (a) experiments involving con- 
tinuous work or very short rest inter- 
vals; (b) experiments involving inter- 
mediate intervals, ranging from perhaps 
a minute up to a day or two; and (c) 


Bias a matter of fact, in an earlier version 
express Present model, the assumptions were 
and neo in the form of differential equations 
e c ie theorems were derived by means of 
able ees: Subsequently I found it desir- 
clegance sons of mathematical rigor and 
method to rework the .theory utilizing the 
has be of linear difference equations which 
Bush C2 introduced into learning theory by 
able cone Mosteller (2), but none of the test- 
The aes of the theory were altered. 
Colloqui ìer formulation was presented to a 
ay, ioe at the University of Illinois 1m 
ar on ae and to the SSRC Summer Semi- 

S1, and athematics Models for Behavior in 
iscussion I have benefited greatly from the 
Ccasions, and criticism contributed on those 


experiments involving long intervals. It 
is in the intermediate range that stimu- 
lus fluctuation theory should be ex- 
pected to play a major role in account- 
ing for experimental phenomena. At 
very long intervals, or under certain ` 
special conditions, such as those of ret- 
roactive inhibition experiments, effects 
of interpolated learning become impor- 
tant; space does not permit discussion 
of these effects in the present paper. 
At very short intervals, variables come 
into play that have not been taken ac- 
count of in the statistical theory, e.g., 
response-produced stimulation, physio- 
logical changes in effectors; and even if 
the predicted effects of stimulus fluctua- 
tion are present they will be masked by 
effects of other variables. 

Two principal methods are available 
for assaying the empirical adequacy of 
the theory. The first is to carry out 
new experiments especially designed to 
satisfy the simplifying assumptions made 
in the theoretical derivations. The sec- 
ond is to review the experimental litera- 
ture and attempt to provide a unified 
theoretical account of the already estab- 
lished facts concerning the role of spac- 
ing at intermediate intervals. 

Only the former method can be en- 
tirely free of bias, and consequently 
publication of the theory has been de- 
layed until several of the indicated ex- 
periments could be carried out. One of 
these was a study of spontaneous re- 
covery of a bar-pressing response in 
relation to degree of extinction and 
amount and spacing of reinforcement 
(8); another was a study of successive 
acquisitions and extinctions of a jump- 
ing habit in relation to schedule of re- . 
jnforcement (13); a third was a study 
of successive reversals of a left-right 
discrimination with varying numbers -sf 
trials per daily period (11). Detailed 
theoretical interpretations of the data 
of these experiments have been reported 
elsewhere. It is to researches of this 
kind that we must look for sharper de- 
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limitation of the area of application of 
the theory and for indications as to de- 
sirable lines of revision or supplementa- 
tion. 

A comprehensive review of the litera- 
ture on distributional phenomena can- 
not be attempted here, but it will be 
noted that a variety of rather well-es- 
tablished empirical relationships can be 
given a uniform and coherent interpre- 
tation in terms of theoretical relation- 
ships derived in this paper. It may be 
helpful to bring together at this point 
a brief summary of these relationships 
together with appropriate references to 
the experimental literature. 


a. Resistance to extinction is directly related 
to number and spacing of conditioning pe- 
riods (8, 17, 18). 

b. Retention is increased by spacing of 
learning periods, the advantage of spacing in- 
creasing with the retention interval (14, pp. 
156-158; 16, p. 508). 

c. Retention is increased by overlearning 
(9; 14, pp. 377-380). 

d. Learning tends to be faster at beginning 
of series with massed practice, later in series 
with spaced practice: Conditioning (1, 22); 
Extinction (4, 20, 23). 

e. Number of trials to asymptote of learn- 
ing is directly related to number of trials per 
daily period (3, pp. 155-156; 15, p. 320). 

f. Retention is directly related to the pro- 
portion of common elements in learning and 
recall situations (9; 14, Pp. 449-450; 19). 


The rather surprising prediction that 
asymptote of response probability un- 
der random reinforcement should be in- 
dependent of trial spacing has not been 
listed, since only one relevant empirical 
study (12) is so far available. 

All the relationships included have 
been discussed above except for the last, 
and this is clearly a direct consequence 
of the basic assumptions of the theory. 
Tn all cases, except perhaps for item d, 
there seems to be unequivocal corre- 
speudence of fact and theory. In the 
case of item d, the predicted relation- 
ship has been obtained more regularly 
during extinction than duzing condition- 
ing. Possibly the“difference is attribut- 
able to the fact that comparisons of 
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massed and spaced trial groups are bet- 
ter controlled during extinction when 
such extraneous variables as satiation 
and habituation of UR’s are excluded. 

Several additional statements deriv- 
able from the theory seem to be almost 
certainly true, although not yet estab- 
lished by experiment. One of these is 
the prediction that resistance to extinc- 
tion will be increased by additional 
training given after the curve of learn- 
ing in terms of response probability oF 
latency has reached an asymptote; this 
relationship seems to have been as- 
sumed by Skinner in his formulation of 
the reflex reserve concept (21) but has 
not, to my knowledge, been subjected to 
a formal check by experiment. A sec- 
ond example is the prediction that re- 
sistance to reconditioning will be di- 
rectly related to spacing of extinction 
periods. 7 

The principal set of relevant empirical 
phenomena not handled at all by the 
present theory concerns certain prope! 
ties of response decrement under €% 
tremely massed trials. In some exper” 
ments with very short intertrial inter- 
vals or with conditions of continuous 
work, as in pursuit rotor performanc® 
asymptotes of intraperiod learning ie 
depressed so that it becomes imposs! 3 
to achieve the simplifying condition) 
assumed in the derivations of this Le 
per, that all stimuli available during © 
period become conditioned to a aese 
nated response. In the same eron 
ments reminiscence is commonly ape 
served following rest. These effects 
parently are not predictable from “a 
fluctuation theory. The question on 
mains open whether they can Ce 
counted for in terms of variables nm z 
far incorporated into the theory, the 
response-produced stimulation. Foa a 
present these phenomena will proga efer 
source of comfort to those who Pii ar” 
to terminate analysis at the rition 
level of Hull’s (10) reactive inhi 
construct, 
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SUMMARY 


A mathematical model embodying the 
concept of random stimulus fluctuation 
has been found to describe in detail nu- 
merous phenomena of spontaneous re- 
covery, regression, or short-term forget- 
ting, and effects of trial spacing at in- 
termediate intervals. This information 
should be of aid in appraising alterna- 
tive strategies for theoretical develop- 
ment in this area. It can now be seen 
that if neo-Pavlovian conceptions of in- 
hibitory potential are to be maintained 
without major revision, it will be neces- 
Sary to assume that the amount of ran- 
dom variation in standard experimental 
Situations is negligible. On the other 
hand, if the amount of random varia- 
tion is assumed to be appreciable, then 
a substantial class of distributional phe- 
Nomena can be accounted for without 
additional hypotheses. 
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SOCIALIZING PROCESS 
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Guilt is one of the most impor- 
tant psychological mechanisms through 
which an individual becomes socialized 
in the ways of his culture. It is also an 
important instrument for cultural sur- 
vival since it constitutes a most effi- 
cient watchdog within each individual, 
serving to keep his behavior compatible 
with the moral values of the society in 
which he lives. Without the aid ren- 
dered by guilt feelings, child rearing 
would be a difficult matter indeed. If 
children felt no sense of accountability 
or moral obligation to curb their he- 
donistic and irresponsible impulses, to 
conform to accepted social norms, or to 
acquire self-control, the socializing proc- 
ess would be slow, arduous, and incom- 
plete. Sheer physical force, threat of 
pain, deprivation, and punishment, or 
withholding of love and approval would 
be the only available methods—com- 
bined with constant surveillance—to 
exact conformity to cultural standards 
of acceptable behavior. And since it is 
plainly evident that the maintenance of 
perpetual vigilance is impractical, that 
fear alone is never an effective deter- 
rent against antisocial behavior, and 
that the interests of personal expedi- 
ency are not always in agreement with 
prescribed ethical norms, a social order 
unbuttressed by a sense of moral obli- 
gation in its members would enjoy 
precious little stability. 

Within recent years, a number of so- 
cial anthropologists (3, 7, 8, 9) have 
advanced, the notion that guilt is not 
universally present or prominent as a 
sanction in mediating and sustaining the 
culture. Instead they have identified 
guilt as a unique property of the char- 


acterology of individuals who as, chil- 
dren experience the kinds of relation- 
ships with parents allowing for “supe!- 
ego” formation, that is, typically of 
persons growing up in cultures adher- 
ing to the Judaic-Christian tradition. 
Thus, among the Samoans, Iatmul, and 
Balinese, Margaret Mead believes that 
the culture is primarily tiansmitted 
through such external sanctions as €x- 
pediency in conforming to the rules (8; 
p. 514), shared, undifferentiated feat 
(9, p. 369), and anticipation of phys! 
cal reprisals (9, p. 370), respectively: 
Ruth Benedict minimizes the impor- 
tance of guilt and emphasizes the role 
of shame in regulating the social be- 
havior of the Japanese (3, p. 222). 
Leighton and Kluckhohn make the same 
point in reference to the Navaho: 
“Sensitivity to shame . . . largely takes 
the place that remorse and self-punis™” 
ment have in preventing anti-social co? 
duct in white society” (7, p- 
And even in characterizing the mor z 
development of adolescents in O" 
own society who undergo peer-grouP 
rather than parent-regulated soda 
tion, Margaret Mead comments ioe 
“shame, the agony of being found 2 Ai 
ing and exposed to the disapprov@ a 
others, becomes a more prominent set 
tion behind conduct than guilt, the aay 
of not measuring up to the high stê ate 
ard which was represented by the P 
ents” (8, p. 520). d 
In this paper h shall be concent 
with a critical examination of the e 
teria that these anthropologists ne 
used in differentiating between if: ow 
and guilt. We shall attempt x sant- 
that although the two kinds ° 
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tions are distinguishable from one an- 
other, they are nevertheless neither 
dichotomous nor mutually exclusive, 
and that the development of guilt feel- 
ings is not dependent upon highly spe- 
cific aspects of a unique kind of parent- 
child relationship. Before turning to 
this tusk, however, it might be profitable 
to undertake a logical analysis of the 
developmental conditions under which 
the capacity for acquiring guilt behav- 
ior arises, as well as some of the basic 
telationships between shame and guilt. 
Because of the paucity of experimental 
or naturalistic evidence in this area of 
theoretical inquiry, it should be self- 
evident that the following paradigm is 
offered as a system of interrelated hy- 
potheses rather than as an exposition of 
empirically established facts. 


THE DEVELOPMENTAL ORIGINS 
OF GUILT 


Guilt may be conceptualized as a 
Special kind of negative self-evaluation 
which occurs when an individual ac- 
knowledges that his behavior is at 
Variance with a given moral value to 
which he feels obligated to conform. It 
IS a self-reaction to an injured con- 
Science, if by conscience is meant an 
abstraction referring to a feeling of ob- 
ligation to abide by all internalized 
Moral values. The injury consists of a 
Self-perceived violation of this obliga- 
tion. Hence, in accordance with this 
formulation, one might hypothesize that 
before guilt feelings can become opera- 
tive, the following developmental con- 
ditions must apply: (a) the individual 
Must accept certain Standards of right 
and wrong or good and bad as his own, 
(5) he must accept the obligation of 
regulating his behavior to conform to 
whatever standards he has thus adopted, 
and must feel accountable for lapses 
therefrom, and (c) he must possess 
Sufficient self-critical ability to recog- 
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nize when a discrepancy between be- 
havior and internalized values occurs. 

It goes without saying that none of 
these conditions can ever be satisfied at 
birth; under minimally favorable cir- 
cumstances, however, all human beings 
should be potentially capable of acquir- 
ing the capacity for guilt behavior. 
Culture may make a difference in the 
form which this behavior takes and in 
the specific kinds of stimuli which insti- 
gate it; but the capacity itself should 
be so basically human and so funda- 
mental to the sanctions by which social 
norms are maintained and transmitted 
to the young in any culture that dif- 
ferences among individuals within a 
culture would probably be as great as 
or greater than differences among cul- 
tures. 

It is theoretically possible, of course, 
that in certain extreme cases a culture 
may be so anarchic and unstructured in 
terms of the obligations it engenders in 
its members that the potentiality for 
guilt experience is never realized, as, 
for example, among the Dobu (2, p. 
131). Ordinarily, however, we might 
expect that guilt feelings would be 
found universally; and, hence, the bur- 
den of proof regarding their alleged 
absence in a given culture more prop- 
erly rests with the investigator making 
the allegation. 

Despite the probable existence of 
many important culturally conditioned 
differences in children’s acquisition of 
guilt behavior, there are presumptive 
grounds for believing that considerable 
communality prevails in the general pat- 
tern of sequential development. Such 
communality would be a product of. 
various uniformities regarding (a) basic 
conditions of the parent-child relation- 
ship, (b) minimal cultural needs fez z2- 
cialization of the child, and (c) certain 
gross trends in cognitive and social 
growth that prevail from one culture 
to the next. $ 


380 Davm P. 
The cultural basis of conscience de- 
velopment in the individual may be 
found in the potent need of both par- 
ents and society to inculcate a sense of 
responsibility in the child. Not only 
the physical survival of its members, 
but also the perpetuation of its selec- 
tive way of life is contingent upon the 
culture’s degree of success in this under- 
taking. Thus, the attenuation of in- 
fantile irresponsibility might be consid- 
ered part of the necessary process of 
ego devaluation and maturation that 
presumably characterizes personality de- 
velopment in all cultures. Socialization 
demands the learning of self-control and 
self-discipline, the subordination of per- 
sonal desires to the needs and wishes of 
others, the acquisition of skills and self- 
sufficiency, the curbing of hedonistic 
and aggressive impulses, and the as- 
similation of culturally sanctioned pat- 
terns of behavior. It seems highly un- 
likely that any of these propensities 
could become thoroughly stable before 
conscience is firmly established. 

We might postulate that the first 
step in the child’s development of con- 
science involves his assimilation of pa- 
rental values and standards. Having 
no other frame of reference for judg- 
ments of good and bad, the prestige 
suggestion of parents easily holds sway. 
But acceptance of these values does not 
obligate him—in the absence of a still 
undeveloped sense of moral responsi- 
bility—to regulate his own behavior ac- 
cordingly. Lapses on the part of other 
persons are perceived as “bad,” but 
such judgments have no relevance for 
similar behavior of his own when gratifi- 
cation of his own impulses is at stake. 
At this stage of development his be- 


“Za cultures characterized by an extended. 
family group, or where persons other than 
parents take major responsibility for child 
rearing, both value assimilation and the sub- 
sequent development of morai obligation have 
from the very beginiting a wider sezial base. 
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havior can only be directed into ac- 
ceptable channels by punishment or by 
anticipation of punishment in the form 
of pain, deprivation, ridicule, threatened 
separation from the parent, etc. Con- 
formity to ethical standards, therefore, 
is “devoid of moral implications be- 
cause it is only indicative of submission 
to authority rather than acceptance of 
it” (1, p. 122). 

Behavior can first be regarded as 
manifesting moral properties when 4 
sense of obligation is acquired. The 
central hypothesis of the present for- 
mulation is that this development typ! 
cally takes place in children’ who are 
accepted and intrinsically valued by 
parents, and who thereby acquire a de- 
rived or vicarious status in consequence 
of this acceptance. By the fiat of 
parental acceptance they are provide 
with intrinsic feelings of security a” 
adequacy despite their manifest de- 
pendency and incompetence to fend for 
themselves. They accordingly become 
disposed to accept parental values im- 
plicitly and unconditionally out of loy- 
alty to the individuals + to whom they 
owe their status and self-esteem. Among 
other standards assimilated in this pik 
critical and subservient fashion “is t j 
feeling of moral responsibility oF ac 
countability to conform to standards © 
behavior which have been given gn 
implications... . . Unlike other sae 
which are ends in themselves, moral is 
sponsibility has [the] regulatory f°" 
tion of compelling adherence to 7) 
nalized norms of behavior” (1, P- ee, 

It is reasonable to suppose; ete 
that the inhibition of unacceptab 
havior by feelings of personal 


ae hild’s rec 

and accountability, by mes EHO ity 
4 seli- 

and by his desire to avoid the ge- 


punishing consequences of 
velops relatively slowly. The 
ternal sanctions of pain, punls 
threat, and ridicule continue to 
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plied, reinforced now by the more 
meaningful threat of withdrawal of love 
and approval. Delaying the consolida- 
tion of guilt behavior is the slow growth 
of both the self-critical faculty (making 
perception of discrepancies between pre- 
cept and conduct difficult) and of the 
ability to generalize principles of right 
and wrong beyond specific situations. 
During preadolescence and adoles- 
cence, as the child begins to lose his 
volitional dependence upon parents and 
becomes more concerned both with a 
primary status based upon his own 
competencies and with equal member- 
ship in the social order, the basis of 
Conscience and guilt behavior appar- 
ently undergoes significant change. As 
Piaget has shown, greater experience in 
interpersonal relationships and in play- 
ing differentiated roles in complex so- 
cial activities makes him more inclined 
to interpret rules of conduct as func- 
tional contrivances designed to facili- 
tate social organization and interaction 
rather than as sacred and axiomatic 
givens (12, p. 106). Concomitantly, 
he develops a notion of moral law based 
upon principles of equity and embody- 
ing a system of reciprocal as opposed 
to unilateral moral obligations (12, p. 
387). The absolutism of his moral 
Standards also tends to be weakened 
by his greater need for self-enhance- 
Ment as an individual in his own right 
—a need that no longer favors uncondi- 
tional adherence to an uncompromisable 
Set of parental standards, and places a 
8teater premium on the value of ex- 
Pediency. Finally, once the individual 
acquires this functional concept of 
Moral law, conceives of himself as an 
Independent entity striving for primary 
Status in a social community, and rec- 
Ognizes the reciprocal nature of obliga- 
tion, he completes the process of trans- 
ferring “his feeling of moral account- 
ability from parents to the moral 
authority of society” (1, p. 482). 
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In heterogeneous cultures, values tend 
to acquire a wider social base during 
adolescence. The individual is exposed 
to a variety of ethical standards and 
can, within limits, choose between al- 
ternative moral systems. 
the peer group plays the major role in 
adolescent socialization, parents are re- 
placed by peers as the chief interpreters 
and enforcers of the moral code and, to 
some extent, as the source of moral au- 
thority. But neither set of conditions 
is essential for the maturational changes 
in the nature of moral organization that 
take place during and subsequent to 
preadolescence (8, p. 519; 10, p. 96). 
In certain homogeneous cultures also, 
the source of moral values and au- 
thority is referred almost from the be- 
ginning to persons outside the immedi- 
ate family circle (7, p. 51). 


ATYPICAL DEVELOPMENT OF 
GUILT BEHAVIOR 


The above description of the original 
and subsequent development of guilt 
behavior is hypothesized as the more 
typical course of moral growth in most 
children. It presupposes that the lat- 
ter can achieve derived feelings of 
status through the medium of a de- 
pendent parent-child relationship, and 
can consequently internalize both values 
and a sense of moral obligation on the 
implicit basis of personal loyalty. In 
all cultures, however, a variable num- 
ber of parents are psychologically in- 
capable of extending acceptance and 
intrinsic valuation to their offspring. 
Thus deprived of the self-esteem de- 
rived from the fiat of unconditional 
parental acceptance, such children are 
from the very beginning obliged to seek 
primary status and feelings of adequacy 
on the basis of their own competencies 
and performance ability. Accordingly, 
the basis on which they internalize 
values and moral obligations might be 
expected to be correspondingly different. 


And where~ 
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It would serve no useful purpose here 
to speculate further on the possible 
atypical courses that conscience de- 
velopment could take in rejected and 
extrinsically valued children (1). How- 
c ever, there is less reason to believe that 
rejecting and extrinsically valuing atti- 
tudes characterize all parents in a few 
rare cultures than that they may be 
found among some parents in almost all 
cultures. Hence, we would hypothesize 
that the probability of finding some 
conscienceless individuals in every cul- 
ture is greater than that of finding 
conscienceless cultures. 


CLASSIFICATION OF SHAME AND GUILT 


Generally, shame may be defined as 
an unpleasant emotional reaction by an 
individual to an actual or presumed 
negative judgment of himself by others 
resulting in self-depreciation vis-a-vis 
the group. This definition of shame is 
inclusive of instances in which the per- 
sons passing judgment are valued either 
positively or negatively by the indi- 
vidual being judged (9, p. 367), and of 
both moral and nonmoral causes for the 
instigation of such negative judgments, 
Typical examples of nonmoral shame 
are embarrassment in committing a 
breach of propriety or in having one’s 
bodily intimacy exposed to public scru- 
tiny (11, p. 350), and “loss of face” re- 
sulting from exposure of ignorance or 
incompetency. Moral shame, on the 
other hand, is a reaction to the negative 
moral judgments of others. It is a 
prominent sanction in many cultures 
both before and subsequent to the de- 
velopment of conscience. 

Moral shame can, in turn, be divided 
into two categories—internalized and 
noninternalized. The latter variety oc- 
cuts Wher an individual reacts with 
self-depreciation to the moral condem- 
nation of others, but does not accept 
the moral value to which he has failed 
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to conform, e.g., a young child may be 
shamed by being caught in a lie even if 
he does not accept the judgment that 
lying is wrong. Essential for this type 
of shame is the presence of witnesses to 
or eventual discovery of the misdeed in 
question. When the value is internal- 
ized, e.g., when the child really believes 
that lying is opprobrious, actual dis- 
covery is unnecessary; shame can re- 
sult merely from presumed or fantasied 
reproach. Under the influence of such 
unwitnessed shame, the Ojibway may 
commit suicide (9, p. 367). According 
to Margaret Mead, internalized shame 
only occurs when the parent is the an 
terpreter and enforcer of the sanction 
(9, p. 366). Observation of closely- 
knit adolescent peer groups, however, 
seems to indicate that genuine shame 
may occur when adolescents perceive or 
fantasy the moral disapproval of their 
fellows for offenses against norms coi 
tablished and enforced by the group it- 
self. 

The shame associated with guilt may 
be considered a special case of mora 
shame. In addition to an internalized 
moral value, a personal obligation tO 
abide by that value is at stake, e.g., the 
child not only believes that lying i 
wrong and feels shame by experiencing 
or imagining the censure of others, ÞU 
also feels shame in fantasying the i 
Proach of others for violating a mom 
obligation. In either case an actua 
audience is unnecessary, but a Presume 
or fantasied judgment by others oe 
However, it is important to np 
at this point that shame is only rae 
component of guilt, the component en 
volving external judgment and sancti ae 
Guilt also involves other self-reacter 
that are independent of the judama j 
of others, namely, self-reproach, s 
disgust, self-contempt, remorse, poe 
self-esteem, anxiety, and various fable 
acteristic and subjectively identt d 
visceral and vasomotor responses- 
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conversely, the shame of guilt is only 
one of many kinds of shame. Thus, the 
presence of guilt-related shame does not 
preclude the simultaneous operation of 
other forms of moral or nonmoral shame 
unassociated with guilt; nor does the 
excitation of any of these kinds of 
shame (associated or unassociated with 
guilt) preclude the operation of the 
various self-judgments characterizing 
guilt feelings, 

Shame relies on external sanctions 
alone. Guilt relies on both internal 
and external sanctions. The latter sanc- 
tions consist of the presumed judgments 
of others tegarding one’s lapses with re- 
spect to moral obligations and the result- 
ing self-depreciation vis-a-vis the group, 
as well as the customary social reprisals 
associated with the misdemeanors arous- 
ing guilt. In addition, feelings of guilt 
have external reference in that they ac- 
knowledge accountability for a moral of- 
fense against the group. 

In the following section we shall criti- 
Cally appraise (a) the views of Margaret 
Mead and of Leighton and Kluckhohn, 
who hold that the development of guilt 
behavior requires a parent-child rela- 
tionship in which an omniscient parent 
is the referent for and the source of 
Moral authority, in addition to person- 
ally administering and interpeting moral 
Sanctions (9, pp. 366, 367); and (b) 
Ruth Benedict’s position that guilt is 
Shameless, involves no external sanc- 
tions, and is concerned with inner con- 
Victions of sin (3, pp. 222-223). 


Erunocentric Distinctions BE- 
TWEEN SHAME AND GUILT 


Superego Models of Guilt 


The first ethnocentric conception of 
guilt referred to above equates the ca- 
Pacity for experiencing guilt feelings 
With neo-Freudian notions of superego 
formation. According to this concep- 
tion, guilt feelings cannot arise unless 


the conditions essential for superego 
formation are not only present in child- 
hood but are also maintained in subse- 
quent years. Hence, guilt-like behavior 
in our own or other cultures that does 
not conform to these conditions is cate- ~ 
gorized as shame. The two basic con- 
ditions that are laid down for the de- 
velopment of guilt are: (a) the child 
must accept the parent or parent sur- 
rogate as omniscient or as qualitatively 
superior to himself in a moral sense, 
and (b) he must accept the parent as 
the source of moral authority, i.e., as 
the “referent” in whose name moral be- 
havior is enjoined. 

In reference to the former condition 
Margaret Mead states: 


The adults in the society must think of the 
child as qualitatively different from them- 
selves, in that the child has not yet attained 
their moral stature, but is subject to innate 
impulses which, if permitted unchecked ex- 
pression, would, eventuate in adult character 
different from and morally inferior to that of 
the parent (8, p. 514). 


Leighton and Kluckhohn similarly char- 
acterize guilt feelings as representing an 
individual’s acknowledgment that he is 
“unworthy . . . for not living up to the 
high standards represented by [his] 
parents” (7, p. 106). In explaining 
why “Navaho sensitivity to shame takes 
the place of guilt in our society,” they 
go on to say: 


“Conscience” is related to the belief in an 
omnipotent God who knows all. . . . In white 
society the child doesn’t see the parent in 
many life situations. [But] in the circum- 
stances of Navaho life a pose of omnipotence 
or omniscience on the part of parents would 
be speedily and almost daily exposed (7; p. 
106). 

Only rarely does one hear the utterances on 
the part of Navaho parents which are so 
usual among white parents: “Do it because I 
say it is right,” “do it because I say sa” an 
it because I am your father and children must 
obey their parents” (7, p. 53). 


In the first place, one may legitimately 
question the assumption that children 
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do not acquire moral obligations unless 
a highly authoritarian, paternalistic, and 
hierarchical parent-child relationship ex- 
ists, unless the parent sets himself up 
and is perceived as a qualitatively su- 
eperior paragon of virtue. As long as 
the conditions for acquiring derived 
status are fulfilled, it seems reasonable 
to suppose that moral obligations are 
incurred provided that parents or parent 
surrogates make such expectations un- 
ambiguously clear. It undoubtedly in- 
creases the prestige suggestion with 
which the standards and expectations of 
parents are endowed if the latter indi- 
viduals are perceived as omniscient; but 
there is neither convincing logical nor 
empirical justification for designating 
this criterion as a sine qua non for the 
acquisition of guilt behavior. 

A second difficulty confronting the 
proposition that qualitative hierarchical 
distinctions must prevail between pre- 
ceptor and learner in order for guilt 
feelings to develop is the suggestive 
evidence of Piaget, referred to above, 
showing that as children approach ado- 
lescence in our culture they become in- 
creasingly concerned with moral obliga- 
tions based on principles of reciprocity 
(12, pp. 106, 387). Cooperative and 
functional relationships with peers en- 
gender notions of obligation reflecting 
mutual respect between equals which 
gradually displace unilateral feelings of 
obligation based on implicit acceptance 
of authority (12, p. 106). 

The second condition imposed by 
adkerents of the superego model of 
guilt behavior, i.e., that parents or par- 
ent surrogates must serve as the source 
of moral authority, runs into similar dif- 
ficulties posed by developmental shifts 
in- the organization of conscience. It 
Presunposes, in the words of Margaret 
Mead, that 


: + . teachers, the clergy, judicial Officials, etc., 
partake of the character of the judging parent 
who metes out reward to the individual child 
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(or, later, adult) who makes a satisfactory 
approximation to the desired behavior, and 
Punishment to him who does not (8, p. 514). 


Such a requirement arbitrarily elimi- 
nates the possibility of guilt behavior 
developing in cultures like the Navaho 
where the authority for moral sanctions 
is from the earliest days of socialization 
referred to the group as a whole (7, p- 
51). The same criterion rules out the 
occurrence of guilt behavior among (4) 
adolescents in our own culture who ac- 
cept the peer group as their major source 
of moral authority (see earlier quotation 
from Margaret Mead), (b) rejected and 
extrinsically valued children who never 
accept the moral authority of parents, 
but who may accept rational principles 
of equity and the moral authority of the 
group, and (c) adults in most cultures, 
who, in accordance with the develop- 
mental changes described above, transfer 
their allegiances from the moral author- 
ity of parents to the moral authority of 
society. The latter process does not 
necessarily require the intermediate ad- 
olescent step of repudiating adult au- 
thority and substituting peer standards- 
Sufficient for this outcome is a trans- 
formation of the basis upon which the 
authority of elders is accepted, i.e. 4 
change from implicit acceptance of axl" 
matic truth by a dependent and idea- 
tionally subservient individual to iy 
more rational acceptance of functiona x 
necessary norms growing out of inte 7 
personal relations by an independent 
member of adult society (10, pp- ? 
96). 
To deny that guilt feelings can os 
in the above four situations ae 
summary dismissa? of the evident 
everyday experience with the behav! Jif- 
content of others. It is admittedly $ 
ficult to evaluate the subjective aoe 
tional experience of other persons, atte 
ticularly if they happen to be mE 
of different cultures. Logical inter 
must always supplement the percep 
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of even the most experienced observer. 
Nevertheless a decision regarding the 
meaning of behavior can never be 
reached on the basis of a priori criteria 
alone, especially when these lack irre- 
futable logical or face validity. An 
emotion is adjudged to be guilt or shame 
on the basis of its behavioral character- 
istics, its situational excitants, and its 
subjective properties, and not because 
it fails to meet certain arbitrary ethno- 
centric criteria that apply to a single 
culture or phase of development. In 
the next section we shall examine some 
ethnological materials presented by 
Leighton and Kluckhohn and by Ruth 
Benedict as illustrative of shame and 
show how such behavior can be more 
defensibly interpreted as guilt. 

A conception of conscience or guilt 
behavior that makes no provision for 
developmental changes in the under- 
lying personality structure upon which 
such behavior depends cannot be suc- 
cessfully integrated into any self-con- 
sistent theory of personality develop- 
ment. A theoretical framework must 
be found that is broad enough to en- 
compass the guilt behavior of a child 
of eight and likewise of an adult of 
eighteen or eighty. We cannot con- 
clude that eighteen-year-old guilt must 
be shame because it does not conform 
to an eight-year-old model of guilt. 

Personality development is admittedly 
characterized by continuity as well as 
by change. A tendency to accept values 
and obligations uncritically, on the basis 
of personal allegiances, still continues in 
adult life. Similarly, early attitudes of 
Unconditional loyalty to moral obliga- 
tions tend to persi$t long beyond the 
Span of childhood. Nevertheless al- 
though these continuing trends add 
much to the stability of conscience, they 
are largely supplanted by different moral 
Orientations and enjoy only substrate 
existence in a generally changed gestalt. 
A Precipitate of the experiences of the 
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eight-year-old is represented in the be- 
havior of the eighteen-year-old, but this 
precipitate has a phenomenologically 
different meaning and significance than 
its original form a decade earlier. 

Pointing up the logical as well as the- 
empirical untenability of a criterion of 
guilt that requires a qualitatively supe- 
rior parent or parent surrogate as the 
source of moral authority is the dis- 
crepancy on this score between the two 
chief examples of allegedly “shaming 
cultures,” i.e., certain North American 
Indian tribes and the Japanese. Leigh- 
ton and Kluckhohn characterize the 
Navaho as a “shaming culture” in part 
because sanctions are applied laterally 
rather than from above, and are referred 
to group rather than to parental author- 
ity (7, pp. 105-106). On the other 
hand, Ruth Benedict, using other cri- 
teria, regards the Japanese as a shaming 
culture despite the fact that the Japa- 
nese family is the ethnological example 
par excellence of unconditionally ac- 
cepted, paternalistic (if not arbitrarily 
imposed) authority based upon hier- 
archical position (3, pp. 55-57, 264). 
Obviously, then, this criterion for dis- 
tinguishing between shame and guilt has 
little claim to universality. 


Guilt as a Shameless, Wholly Internal- 

ized Conviction of Sin 

The second major ethnocentric (and 
psychoanalytically oriented) conception 
of guilt assumes that guilt and shame 
are mutually incompatible and that. gen- 
uine guilt must be devoid of shame and 
all external sanctions. Thus, in cultures 
where shame plays a more prominent 
role in behavioral control than in our 
own culture, ethnologists sharing this 
conception of guilt have insisted that 
guilt feelings must ipso facio be either 
nonexistent or of negligible significance. 
Among the Japanese, according to 
Gorer, “mockery is the most important 
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and most effective sanction for obtain- 
ing conformity in social life” (4, p. 20). 
Ruth Benedict espouses the same opin- 
ion in stating-that “shame has the same 
place of authority in Japanese ethics 


‘that ‘a clear conscience,’ ‘being right 


with God,’ and avoidance of sin have 
in Western ethics” (3, p. 224). Leigh- 
ton and Kluckhohn claim that Navahos 
do not internalize the “standards of 
their parents and elders,” and that 
shame (“I would feel very uncomfort- 
able if anyone saw me deviating from 
accepted norms”) is the major deterrent 
to antisocial behavior (7, p. 106). 
Margaret Mead goes even further by 
ruling out the occurrence of both guilt 
and shame in the sanction systems of 
the Samoans (8, pp. 514-515), Balinese 
(9, p. 369), and Iatmul (9, pp. 369- 
370), and insisting that only such ex- 
ternal sanctions as fear, expediency, and 
threat of physical reprisals are operative. 

This dichotomization of shame and 
guilt, of internal and external sanctions, 
in addition to lacking logical self-con- 
sistency, simply does not conform to 
available naturalistic evidence. Both 
moral and nonmoral shame may be ex- 
tremely important sanctions in a given 
culture, but they preclude the occur- 
rence of neither the public (shame) nor 


. the private (self-judgment) aspects of 


guilt. A culture so unstable and so 
anarchic that its members fail to re- 
spond to internal sanctions (i.e. feel- 
ings of moral obligation) is indeed an 
ethnological rarity. The inhabitants of 
Dobu (2) may fit this description, but 
the case made out for the Samoans, 
Iatmul, and Balinese (8, 9) is far from 
convincing; and descriptions of Japa- 
nese (3, 6) and Navaho (7) behavior 
tend to disprove the very contentions 
they are ‘meant to illustrate. Con- 
versely, a culture in which external 
sanctions are not applied at any stage 
of moral development is also. rare 
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enough to qualify as an ethnological 
oddity. 

The evidence seems clear enough that 
although Japanese and Navaho indi- 
viduals are more responsive to shame 
than we are, much of this shame is 
really the shame of guilt, i.e., the shame 
accompanying awareness of viclated 
moral obligations. The predominant 
pattern of parent-child relationships in 
both cultures is one of acceptance and 
intrinsic valuation of the child, leading 
to the first or implicit stage of moral 
responsibility based upon personal loy- 
alty (3, Ch. 12; 7, Ch. 1). Navaho 
children acquire a sense of responsibility 
between five and eight years of age, 
learning assiduousness in executing their 
chores. They learn “that they cannot 
always indulge themselves and that they 
have duties toward others” (7, p. 58): 
Navaho parents are strikingly devoted 
and attentive to the needs of their chil- 
dren (7, pp. 13-33), and children, in 
turn, even as adults, are very devote 
to their parents and siblings (7, pp. 94~ 
100). The Navaho adult is capable of 
very responsible conduct in relation tO 
his social group despite the fact that 
responsibility is “divided and shared 
(7, p. 107). If such behavior is not 
indicative of internalized moral obliga- 
tion, what other credible explanation İS 
there? Surely shame alone could 1° 
account for all of it. $ 

Among the Japanese an even strong® 
case can be made for the importance A 
conscience and guilt behavior. R 
other cultures lay greater stress Pe 
the sanctity of moral obligations. ees 
strong according to Japanese verdict ae 
those who disregard personal happy 
and fulfill their obligations. . . - Rew. 
is weak if he pays attention to his i 
sonal desires when they conflict 5078 
the code of obligations” (3, PP- t be 
208). Obligations to others mus et 
fulfilled even if one dislikes the on de 
personally (3, p. 124). The Jap 
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sense of accountability is especially 
stringent. “Each man must accept re- 
sponsibility for the outcome of his acts. 
He must acknowledge and accept all 
natural consequences of his weakness, 
his lack of persistence, his ineffectual- 
ness” (3, p. 296). 

What is even more impressive is the 
fact that in contrast to prevailing atti- 
tudes in our own culture, the self- 
discipline, the self-restraint, and any of 
the personal disadvantages incurred in 
honoring obligations are not regarded 
as self-sacrifice. The fulfillment of ob- 
ligations, is taken for granted on the 
grounds of reciprocity, and calls for 
no applause, reward, self-pity, or self- 
righteousness (3, pp. 230-233). The 
notions of mutual dependence and in- 
debtedness to one’s society and one’s 
past lie at the very heart of the Japa- 
nese concept of obligation. “One re- 
Pays one’s debts to one’s forbears by 
Passing on to one’s children the care 
one oneself received” (3, p. 122). 

Despite this overwhelming evidence 
of conscience and guilt behavior, Ruth 
Benedict is misled by the dichotomized 
conception of shame and guilt, and in- 
sists upon referring to such behavior as 
shame on the grounds that guilt is 
supposedly shameless. But, as already 
pointed out above, what she calls 
“shame” is actually the shame compo- 
nent of guilt. La Barre paints essen- 
tially the same picture of Japanese char- 
acter structure as she does and reaches 
a diametrically opposite conclusion. He 
asserts that the Japanese superego is 
exceedingly strong (6, p. 329). Never- 
theless, even while minimizing the role 
of guilt among the Japanese, Ruth 
Benedict is grudgingly obliged to admit 
the existence of moral self-judgments 
unrelated to external sanctions. 


They [the Japanese] are terribly concerned 
about what other people will think of their 
behavior, and they are also overcome by guilt 
When other people know nothing of their mis- 


387 


step. . . . Japanese sometimes react as strongly 
as any Puritan to a private accumulation of 
guilt (3, pp. 2-3, 222). 


We cannot escape the conclusion, 
therefore, that both guilf and shame, 
and internal and external sanctions, can” 
and do exist side by side and mutually 
reinforce each other. The assertion that 
“true shame cultures rely on external 
sanctions for good behavior, not, as true 
guilt cultures do, on an internalized con- 
viction of sin” (3, p. 323) is unsup- 
ported by available evidence. The pres- 
ence of the stock, the pillory, and the 
ducking stool in the public market place 
offers eloquent refutation to the state- 
ment that “the early Puritans who set- 
tled in the United States tried to base 
their whole morality on guilt” (3, p. 
223). Reinforcing most of the moral 
sanctions that we customarily assign to 
the domain of conscience is a parallel 
set of statutes and group pressures en- 
forced by appropriate public reprisals. 
Even in cultures where moral obligations 
are highly internalized, we usually find 
a policeman on the corner giving a 
friendly nudge to sluggish consciences or 
a timely warning to impish consciences 
pondering a brief vacation from duty. 

The regulation of conduct by moral 
self-judgment is also the final step in 
a long developmental process. In con- . 
trolling the behavior of children in our 
own culture, parents may differ from 
Samoan, Balinese, and Iatmul parents 
in their propensity for premature ser- 
monizing about right and wrong, filial 
duty, virtue, etc. But during the first 
few years of life such preachments are 
but empty verbalisms to our children, 
who actually respond as do children in 
all cultures to the accompanying ex- 
ternal sanctions of reward and punish- 
ment. Guilt feelings also have external 
reference by virtue of their shame com- 
ponent which involves a self-depreca- 
tory reactior. to the presumed or actual 
moral censure of others for a transgres- 
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sion of moral obligation. Finally, the 
external reference of guilt is apparent 
in the fact that it is reduced by punish- 
ment and confession. It always implies 
an offense against the group which, 
therefore, can only be pardoned by 
group action.” 

Another source for ethnocentric mis- 
interpretation of Japanese guilt behavior 
lies in their lack of preoccupation with 
sin. The idea of sin, however, is in no 
way indigenous to a conscience founded 
on moral obligation; it merely tends to 
be associated with a specific variety of 
guilt behavior that is influenced by cer- 
tain religious traditions and notions 
about the original nature of man. 
Nevertheless, by equating guilt with 
“an internalized conviction of sin” (3, 
p. 223), and conscience with “the avoid- 
ance of sin” (3, p. 224), Ruth Benedict 
finds further “justification” for regard- 
ing the Japanese as relatively guiltless, 

Japanese neglect of the problem of 


their expressions of guilt. In the first 
Place, since they 


Nature as 
constantly in need of redemption from 
inherently sinful desires (3, pp. 191- 
192). Secondly, since the fulfillment of 
obligation is taken for granted and is 
not regarded as self-sacrifice or as a 
victory of virtue over innately evil pro- 
Pensities, Japanese good conscience is 
uot burdened with the self-righteousness 
that comes from conquering sin; and, 
similarly, guilt is not “internalized con- 
viction of sin,” but simply awareness of 
the breakdown of moral obligation. 


2In private confessionals, the priest serves 
as the moral representative of the group. 
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Because the Japanese lay great stress 
on certain “external” (shame) aspects 
of self-respect, such as acting with cir- 
cumspection and paying scrupulous at- 
tention to the details of propriety, West- 
ern observers are prone to deduce that 
this precludes their association of the 
term self-respect with a criteriontsuch 
as “consciously conforming to a worthy 
standard of conduct” (3, p. 219). How- 
ever, in the light of the foregoing de- 
scription of Japanese concepts of moral 
obligation, we are only justified in con- 
cluding that in addition to sharing the 
meaning which is commonly placed on 
“self-respect” in our culture, the Japa- 
nese value other character traits (i.e. 
self-restraint, circumspection, respect for 
social niceties and for the feelings of 
others) sufficiently to dignify them by 
the same term that we usually reserve 
for moral uprightness. 

Lastly, it is important to explain why 
confession and atonement are such rela- 
tively inconspicuous aspects of Japanese 
guilt behavior. The absence of these 
characteristics that so frequently accom- 
pany the expression of guilt in our cul- 
ture does not prove, as Ruth Benedict 
Suggests, that genuine guilt is lacking, 
since otherwise it would be relieved by 
confession (3, p. 223). The Japanese 
does not, as alleged, avoid confession 
because his guilt is really only shame 
and, hence, would be aggravated pe 
than eased by being made public. T 
more credible explanation is that pa 
though confession would be guilt reduc 
ing it would also þe too traumatic 9 
view of the tremendous Japanese sens! 


°The practice of atonement is not a 
unknown in Japan, “Boys in later elemen Fite 
school are sometimes confined to the rife 
kinshin, ‘repentance,’ and must occupy aie 
selves with . . . the writing of diaries. for 
larly, when ostracized by his schoolm presa 
offenses, the culprit “has to apologize, (3; 
make promises before he is readmitted 
Pp. 273-274), 
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tivity to shame. Under such circum- 
stances, overwhelming feelings of guilt 
can be relieved less painfully by suicide. 


SUMMARY AND CONCLUSIONS 

The capacity for experiencing guilt 
behavior (i.e., a constellation of nega- 
tive'self-reactions to the perceived vio- 
lation of moral obligation) is conceived 
as so basically human and so funda- 
mental to the sanctions by which social 
norms are maintained and transmitted 
to the young that under minimally 
favorable social conditions it should 
develop <n all cultures. The only psy- 
chological conditions hypothesized as 
essential for the development of guilt 
behavior are (a) the acceptance of 
moral values, (b) the internalization of 
a sense of moral obligation to abide by 
these values, and (c) sufficient self- 
critical ability to perceive discrepancies 
between internalized values and actual 
behavior. The development of con- 
science typically embodies various se- 
quential changes paralleling shifts in 
the individual’s biosocial status. Ordi- 
narily, greater differences in moral be- 
havior may be anticipated among indi- 
viduals within a culture than among 
different cultures. 

Shame is a self-deprecatory reaction 
to the actual or presumed judgments of 
others, Tt may have moral or non- 
moral reference. Guilt feelings always 
involve a special type of moral shame 
in addition to other negative self-judg- 
ments. In addition to the shame of 
guilt, conscience (guilt behavior) is 
Customarily buttressed by such external 
sanctions as statutory law, public opin- 
ion, and ridicule. Thus; the sanctions 
of guilt are both external and internal 
in nature. 

Various criteria have been advanced 
by different ethnologists for distinguish- 
Ing between shame and guilt. It has 
been alleged (a) that guilt behavior can 


389 


only arise when a hierarchically superior 
parent or parent surrogate serves as the 
source of moral authority, (b) that gen- 
uine guilt feelings can only exist when 
shame and other external” sanctions are 
not operative, and (c) that, subjec* 
tively, guilt must be characterized by 
conviction of sin and need for atone- 
ment. Examination of Navaho and 
Japanese ethnological materials pre- 
sented in support of these criteria shows 
that the latter lack both logical and 
empirical validity. Highly suggestive 
evidence of the operation of strong 
moral obligations and of guilt behavior 
was found in these supposedly prime 
examples of “shaming cultures.” 

The problem of shame and guilt is 
illustrative of a major methodological 
hazard in the cross-cultural investigation 
of personality traits, namely, of the 
ethnocentric tendency to define a given 
trait in terms of its specific attributes 
in one’s own culture. This leads to a 
perversion of cultural relativism. In- 
stead of demonstrating how a basic 
human capacity (e.g., guilt behavior) 
occurs under different conditions and 
assumes different forms in different cul- 
tures, this approach inevitably ‘“dis- 
covers” that this very capacity is absent 
in other cultures because it does not 
conform to a specific set of ethnocentric - 
crtieria. The generalization is then 
made that the capacity is nonuniversal, 
culture-bound, and, hence, not basic. 
Cross-cultural investigations of person- 
ality must, therefore, start with defini- 
tions of traits that are both psychologi- 
cally meaningful and general enough to 
encompass specific cultural variants. 

It is also important to avoid the error 
of circularity—setting up a priori cen- 
ditions for the emergence of a,, trait 
finding these conditions absent in A 
given culture, and concluding “empiri- 
cally” therefrom that the trait itself is 
absent. This erros can be avoided in 
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part by paying attention to the sub- 
jective and expressive content of be- 
havior and not merely to the postulated 
determinants of the trait in question. 
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NOTES TOWARD A MOTOR THEORY OF VISUAL 
EGOCENTRIC LOCALIZATION * 


JAN H. BRUELL AND GEORGE W. ALBEE 


Western Reserve University and Highland View Hospital, Cleveland, Ohio 


The authors are engaged currently in 
a series of studies of space perception in 
hemiplegic patients. The known rela- 
tionship between space perception and 
tonic processes provided the rationale 
for our studies with hemiplegics whose 
main problem, by definition, is a dis- 
turbance of motor processes. In the 
process ef collecting and analyzing our 
data we have found that a variety of 
phenomena of space and movement per- 
ception can be ordered, using a limited 
number of hypotheses. 

Space perception refers to impres- 
sions of the positions of objects relative 
to each other and relative to the ob- 
server. The convention in present-day 
treatment of the problem is to refer to 
judgments of the relative position of ob- 
jects to each other as relative localiza- 
tion and to judgments concerning the 
position of objects relative to the ob- 
server as egocentric localization. The 
present paper will be restricted to a 
consideration of egocentric localization, 
and more specifically to the visual per- 
ception of direction and egocentric ap- 
parent movement. 


VISUAL Ecocentric LOCALIZATION AND 
THE INNERVATION OF THE Ex- 
TERNAL Eye MUSCLES 


Retinal Local Signs and Voluntary Eye 
Movements 


The perception of “the egocentric po- 
Sition of visual objects is often attrib- 
uted to a hypothetical function of reti- 


*This paper will ultimately be part of a 
larger study of space perception made pos- 
sible by a grant-in-aid of research from the 
Cleveland Foundation. 


nal receptors. Each retinal point is as- 
sumed to have a definite space value or 
local sign. Conventionally (14) recep- 
tors to the right of the median meridian 
of the retina are given negative space 
values, and those to the left of the me- 
ridian positive space values; receptors 
in the fovea and median meridian are 
assumed to have a zero space value, as 
shown in Fig. 1a. In this and succeed- 
ing figures it is assumed that the stimu- 
lus objects are placed at least six feet 
from the observer. At this distance 
convergence is negligible and the bin- 
ocular situation can be represented by 
a “cyclopean eye.” Objects A and B, 
which stimulate receptors with negative 
space values, are perceived as being to 
the observer’s left; objects D and E, 
stimulating receptors with positive space 
values, are perceived as being to the 
right; and object C, projected on the 
fovea (F), is perceived as being straight 
ahead. 

Obviously this applies only when the 
observer looks at a point straight ahead, 
as in Fig. la. In Fig. 1b, if the eye is 
turned voluntarily from C to E, then 
object C, placed in the objective median 
plane of the observer, stimulates a pe- 
ripheral part of the retina. Yet the ob- 
server continues to perceive C as being 
straight ahead of him. That is, a pe- 
ripheral point on the retina has assumed 
a space value of zero. On the other 
hand, object E, placed to the right of 
the objective median plane, now stimu- 
lates the fovea but is perceived as being 
to the right. Clearly, with -voliintary 
eye-turning, retinal points change their 
space values. With voluntary eye-turn- 
ing to the right (Fig. 1b), the fovea 
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assumes a positive space value and all 
other retinal points change their space 
values correspondingly. 

This common observation leads to our 
first hypothesis: whenever the dextro- or 
levorotators of the eyes receive volun- 
tary innervation, the fovea assumes a 
positive or a negative space value, re- 
spectively, and concomitant changes 
occur in the space values of all retinal 
points (Hypothesis 1). 


Retinal Local Signs and Involuntary 
Movements 


Figure 2 represents a situation in 
which the‘ eyes of an observer remain 
stationary while an object C is moved 
to the left. Object C stimulates retinal 
points with space values of — 1, —2, 


—3, etc., in succession. Under these 
conditions C is perceived as moving tO 
one’s left, as it actually does. The same 
retinal stimulation occurs when an 0b- | 
ject, C, remains stationary while the 
eyes are turned to the right. However", 
whether such retinal stimulation is a 
perienced as movement of C to the i 
depends upon the voluntary or refe 
nature of the eye movement. i 
As was shown above, in the case rs 
voluntary eye-turning, retinal recepto. 
change their space 'values; and C, wie 
stimulates more and more per 
Points on the retina, continues to ie 
Perceived as straight ahead. On jun- 
other hand, if the eyes turn uA 
tarily to the right, the stationary 0bJ f; 
C will appear to move to the left- un- 
for instance, a subject is rotated C0 
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terclockwise around his vertical axis, his 
eyes will move involuntarily to the right 
(slow phase of vestibular nystagmus). 
Object C, placed straight ahead of the 
subject and rotated with him, will stim- 
ulate increasingly peripheral points on 
the right half of the retina of the in- 
volfintarily turning eye. These points 
have negative space values when the eye 
is in its primary position. From the 
fact that under the described conditions 
the object is seen moving to the left, 
we conclude that with involuntary eye- 
turning, retinal points do not change 
their space values. 

Thus we arrive at a hypothesis sup- 
plementary to the hypothesis derived 
from our discussion of the effects of 
voluntary eye-turning on retinal local 
signs. There we hypothesized that 
whenever eye muscles receive voluntary 
innervation, all retinal receptors, in- 
cluding the fovea, change their space 
values. The fovea assumes a positive 
space value if one attempts to turn the 
eyes to the right, a negative space value 
if the voluntary effort is toward turning 
the eyes to the left. Now we hypothe- 
size: when eye position is determined 
only by involuntary innervation of the 
eye turners, retinal receptors do not 
change their space values (Hypothesis 
2). For instance, the fovea retains its 
space value of zero, and any object 
projected upon the fovea appears to be 
straight ahead. 

These hypotheses, if valid, should 
permit us to predict the apparent ego- 
centric position of objects from a knowl- 
edge of the pattern of oculomotor in- 
nervation obtaining i in a given situation. 
We shall now examine certain factors 
determining the innervation of the eye 
turners. 


Some Factors Determining Eye Position 


_ The position of the eye in its orbit 
is determined by the innervation, and 
consequently by the state of contraction 
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of the six external eye muscles. This 
innervation may be either voluntary or 
reflex. The reflex innervation of the 
eye turners can be brought about by 
retinal stimulation or it can have its 
origin in the motor system. 
Stimulation of receptors in the pe- 
riphery of the retina elicits the fixation 
reflex. The eye turns reflexly in the 
direction of the stimulus. The reflex 
eye movement ceases when the stimulus 
projects on the fovea. Figure 3b rep- 
resents an instance of unilateral retinal 
stimulation. Stimuli are placed only to 
the right of fixation, causing reflex eye- 
turning to the right. As the eye turns, 
retinal stimulation becomes bilateral as 
receptors on both sides of the fovea are 
stimulated. Such bilateral stimulation 
results in reflex innervation of both the 
levo- and the dextrorotator muscles. 
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Initially retinal stimulation is asym- 
metrical, causing Stronger innervation 
of the dextrorotator. When the eye 
fixates the center of the stimulus field, 
the fixation reflex will cause innerya. 
tion of the dextro- and the levorotator, 
and the eye will cease turning to the 
right (3). 

This analysis assumes that eye posi- 
tion is determined by retinal stimula- 
tion only. Nonvisual muscular factors, 
however, co-determine eye position. In 
the absence of visual stimulation the 
eyes tend to assume their “primary 
position,” that is, they tend to look 
straight ahead. Although it is certain 
that several reflex mechanisms contrib- 
ute to this effect, a myotetic reaction 
is probably involved. When, fcr in- 
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stance, the eyes are turned to the right, 
the levorotators are stretche bi ae 
Stretching stimulus is thought)! ali 
a myotatic reflex in which the »etche 


-o the 
levorotators contract, thus rene ps 
eyes to their primary position. eptors 


cent discovery of kinesthetic rec 
in the eye muscles (20, 23) makes uite 
existence of such a myotatic reflex Ee 
plausible. However, as will pa ie 
whether the eyes are maintaine aie re- 
median position by this particular | is 
flex or by another reflex mechanis the 
not crucial to our formulation. I” the 
situation represented in Fig. 34 use 
fixation reflex acting alone would ae 
the eyes to turn to the right Wee ted. 
center of the stimulus field is 8%? e 
The myotatic reflex acting up? 
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stretched levoturners, however, will tend 
to arrest the turning of the eyes to the 
right before the center of the stimulus 
field is fixated. 

It is important to note that if the 
observer is instructed to fixate contin- 
uously object C (Fig. 3b), he can do 
so «only by counteracting the reflex 
tendency of the eyes to turn to the 
right. He must innervate voluntarily 
the levorotators. 

In short, if the position of the eyes 
is known for a given stimulus situation, 
it is possible to infer whether eye posi- 
tion is being maintained by reflex in- 
nervation of the eye turners alone, or 
whether it is co-determined by volun- 
tary innervation. Analyses such as 
these, in conjunction with our hypoth- 
eses concerning the effects of voluntary 
and reflex innervation of eye turners 
on retinal local signs, will form the basis 
for our discussion of a variety of phe- 
nomena of egocentric localization. 


THE PERCEPTION OF THE Main Co- 
ORDINATES OF EGOCENTRIC SPACE: 
APPARENT STRAIGHT-AHEAD AND 
APPARENT EYE LEVEL 


The Dietzel-Roelofs Phenomenon 


Dietzel (5) and, independently, Roe- 
lofs (1) performed experiments which 
fit exa “~ the paradigm represented in 
Fig. 3. A luminous figure, the only vis- 
ible object in a darkroom, was placed in 
such a position that one of its edges was 
in the objective median plane of the ob- 
server. The observer had the task of 
judging the egocentric position of C 
(Fig 36). Our hypotheses permit us to 
predict the outcome of such an experi- 
ment. 

It was shown in the preceding sec- 
tion that continuous fixation of C would 
be possible only if the levorotators re- 
ceived voluntary innervation. Thus, 
from our hypothesis concerning the ef- 
fects of voluntary innervation on the 
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local sign of the fovea (Hypothesis 1) 
it follows that C would be perceived as 
placed to the observer’s left. The es- 
perience of the egocentric position of 
C would be the same, bat the under- 
lying physiological processes would dif. 
fer if the observer were not instructed 
to fixate C. In this case his eyes would 
turn reflexly to a point somewhere short 
of the center of the stimulus field, say 
to point D. At D, eye position would 
be maintained, due to the balanced re- 
flex innervation of the levo- and dextro- 
rotators and, according to our hypothe- 
sis concerning the effects of involuntary 
innervation on retinal local signs (Hy- 
pothesis 2), the fovea would retain its 
space value of zero. The foveally pro- 
jected point D would be seen by the 
observer as straight ahead of him, while 
point C, relative to D, would appear 
to be to his left (relative localization; 
see introduction). 

Similarly, if C were at the right ex- 
treme of a stimulus configuration, and 
if it were placed objectively straight 
ahead of an observer (Fig. 3a), it would 
appear to him to be to his right. 

Dietzel (5) and Roelofs (19) actu- 
ally obtained these results, and they 
have been confirmed in numerous recent 
experiments (3, 18, 21). The general 
findings of these experiments can be 
accounted for by our hypotheses. The 
apparent straight-ahead always tends to 
shift in the direction of the center of 
the stimulus field. If this center devi- 
ates from what is objectively straight 
ahead of the observer (Fig. 3), objec- 
tive and subjective straight-ahead do 
not coincide. 

Ordinarily we are fairly accurate in 
ging what is straight ahead. That 
is, objective and subjective straight- 
ahead do coincide. This can .be ac- 
counted for in the same terms as the 
described discrepancies between objec- 
tive and subjective space. Usually the 
whole visual field is filled with stimuli, 
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and thus if a point in the objective 
median plane is fixated, retinal stimu- 
lation tends to be bilateral and sym- 
metrical. This results in equal reflex 
innervation of the levo- and dextro- 
,otators, and eye position is maintained 
by reflex innervation alone. Under 
these conditions, according to our sec- 
ond hypothesis, the fovea will have a 
space value of zero, and the centrally 
located fixated object will appear to be 
straight ahead. 

A situation outside of the laboratory 
in which the center of the stimulus field 
deviates from what is objectively 
straight ahead occurs during night driv- 
ing. In Fig. 3a, point C might be one 
of the headlights of an oncoming car. 
This headlight will be perceptually dis- 
placed in the direction of the observer. 
It is probably a benign illusion as it 
makes him steer his own car farther 
away from the passing car than would 
be required by the objective situation. 


Egocentric Localization in Hemianoptics 


In the situation diagrammed in Fig. 
3b, a place near the center of the stimu- 
lus field appears to be straight ahead. 
This deviation of what is apparently 
straight ahead from what is objectively 
straight ahead can be produced in any- 

„one in a darkroom. In this situation 
we know that if the subject fixates C 
(Fig. 35), only his left occipital lobe 
will receive stimulation. The situation 
is comparable to what happens in a 
hemianoptic where there is a loss of the 
left half of the visual field. In the dark- 
room experiment only the left occipital 
lobe receives stimulation, owing to the 
experimental arrangement. In the he- 
mianoptic with a loss of the left half 
of the visual field, only the left occip- 
ital lobe responds to stimulation, be- 
cause of the injury in the other half 
of the visual system. Thus one would 
expect that in such patients apparent 
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straight-ahead would deviate from ob- 
jective straight-ahead in their daily per- 
ception. This expectation is borne out 
by clinical observation (2) and experi- 
ments (7). 

The observation that egocentric lo- 
calization is disturbed in hemianoptics 
might lead to the conclusion that’ the 
perception of the main space coordi- 
nates is linked to purely sensory (oc- 
cipital) visual processes. Therefore, it 
should be stressed that our interpre- 
tation, which relates phenomena of ego- 
centric localization to processes of oculo- 
motor innervation, is in itself in no way 
incompatible with the observations made 
in hemianoptics. On the contrary, as 
we believe that visual egocentric locali- 
zation is partially determined by opti- 
cally induced reflex movements of the 
eye, and as we know that in man the 
motor branch of such reflexes has its 
origin in the occipital lobes (15), we 
would, on these grounds alone, expect 
egocentric localization to be dis :rbed 
in hemianoptics. ef 


The Robert MacDougall Phenomenon 


Our discussion so far has centered 
around phenomena of egocentric lo- 
calization in the left-right dimension. 
What applies to the perception of me- 
diality applies also to the subjective 
horizon. In fact, it was in the up-down 
dimension that displacements of objects 
analogous to those observed by Dietzel 
and by Roelofs were studied first- 
Robert MacDougall (16) found at Har- 
vard in 1903 that the fixated upper edge 
of a stimulus figure, if placed at the 
objective eye level of an observer, aP- 
peared to be above eye level. Mi 
Dougall’s finding has been confirme 
in a number of experiments (10, 11), 
and can be explained in the same era 
as the results of Dietzel and of Roei 
Fixation of the upper edge of a Stet oe 
figure can be maintained only by 
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voluntary counteraction of the reflex 
tendency of the eyes to turn downward 
toward the center of the stimulus (fixa- 
tion reflex). The elevator muscles of 
the eyes have to receive voluntary in- 
nervation. This changes the local sign 
of the fovea from eye-levelness to up- 
ness; and the fixated upper edge of the 
configuration appears to be above eye 
level. MacDougall’s darkroom experi- 
ment was inspired by the fact that, in 
spite of the curvature of the earth, an 
observer standing on the deck of a ship 
will perceive the horizon as being above 
eye level. 


APPARENT EGOCENTRIC MOVEMENT 


The preceding discussion dealt with 
the perception of the egocentric posi- 
tion of objectively and phenomenally 
stationary objects. In what follows we 
will discuss phenomena of apparent 
egocentric movement, i.e., we will be 
concerned with apparent changes in the 
egocéi ic position of stationary objects. 

Ii. observer fixates a stationary 
light C (Fig. 3b) and if another light, 
D, is turned on, he will have a tendency 
to turn his eyes toward the peripheral 
light D. In order to counteract this 
tendency he must voluntarily innervate 
his levorotators. When light E is 
turned on, a further increase in the 
voluntary innervation of the levorota- 
tors becomes necessary. The same ef- 
fects occur when lights F and G are 
turned on in succession. The increas- 
ingly strong reflex innervation of the 
dextrorotators due to stimulation of 
more and more peripheral parts of the 
retina (3) must be counteracted by in- 
creasing correspondingly the voluntary 
innervation of the levorotators. 

From our first hypothesis it can be 
predicted that such a gradual increase 
in the voluntary innervation of the 
levorotators would change the space 
value of the fovea from 0 to — 1, to 
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— 2, to — 3, etc. (cf. above, p. 392). 
The fixated point C and all other points 
of the stimulus configuration would ap- 
pear to move to the left. This predic- 
tion is borne out by expetiments which 
we have conducted and which will be’ 
published elsewhere. i 

It is important to note that in this 
latter situation both object and eye re- 
main stationary. According to the fore- 
going analysis, apparent movement of 
the stimulus field will occur if volun- 
tary innervation of one set of eye turn- 
ers (e.g., the levorotators) increases 
gradually but does vot result in actual 
eye movements. The apparent move- 
ment of the stimulus field under such 
conditions occurs in the direction of the 
voluntary innervation. Many examples 
of apparent movement which can be ex- 
plained in these terms have been de- 
scribed in the literature. We have se- 
lected a few examples for presentation 
here. 


Vestibular Stimulation 


In developing our hypothesis con- 
cerning the effects of involuntary eye 
movements on retinal local signs, we 
have already referred to vestibular 
stimulation. We discussed a situation 
in which a stationary object stimulates 
successive retinal points of the eye 
which is turning as a result of involun- 
tary innervation of the eye turners. In 
what follows we are concerned with a 
situation in which, in spite of vestibular 
stimulation, the eyes remain statiorary. 

As was already described, vestibular 
nystagmus of the eyes can be produced 
by rotating subjects around their verti- 
cal axes. With counterclockwise accel- 
eration the eyes will move slowly clock- 
wise (slow phase of nystagmus). If, 
under these conditions, an observer 
wants to keep fixating an object placed 
in front of him and rotating with him, 
he must counteract the increasing re- 
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flex innervation of his dextrorotators 
by increasing the voluntary innervation 
of the levorotators. According to our 
first hypothesis and its elaboration 
above, we would predict that such a 
‘progressive increase in voluntary in- 
nervation of the levorotators would lead 
“to a gradual change in the space value 
of the fovea. The fixated object would 
appear to be moving to the left. Morant 
(18) has reported experiments which 
bear out this prediction. 


Paralysis of the Eye Turners 


The clinical literature describes many 
cases of peripheral paralyses of the eye 
turners. Patients with such paralyses 
experience apparent movement of the 
stimulus field if they try to turn the 
paralyzed eye. Helmholtz (9) describes 
a case of a patient whose dextrorotator 
of the right eye was paralyzed. Obser- 
vations were made with the paralyzed 
eye only. The patient fixated an ob- 
ject C (Fig. 3). If he tried to turn his 
eye to the right, voluntary impulses 
sent to the dextrorotator did not result 
in eye rotation. The patient kept fix- 
ating C. With the attempted innerva- 
tion of the dextrorotator the whole 
stimulus field appeared to the patient 
to move to the right. Mach (17) has 
performed an experiment in which he 
“paralyzed” the eye by mechanical 
means. He placed putty around the 
eye in such a way as to immobilize it. 
If he attempted to turn the eye to the 
right, he could not do so. Stimuli pro- 
jected on his retina continued to stim- 
ulate the same retinal points. The 
voluntary innervation of the dextro- 
Totators, however, changed the space 
velues of all retinal points, and the 
environment appeared to move to the 
right. f 

The apparent movement of the en- 
vironment observed in patients with 
eye-muscle paralysis and in Mach’s ex- 
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periment occurs in the direction of the 
intended eye movement. These phe- 
nomena were to be predicted from our 
hypothesis concerning the effects of 
voluntary innervation of eye turners 
on retinal local signs. 


Autokinetic Movement 


Few phenomena have received as 
much attention from psychologists as 
the apparent movement of a so-called 
autokinetic light. As we will deal else- 
where extensively with this special case 
of apparent egocentric movement, we 
limit our present treatment of the sub- 
ject to one short comment. 

The erratic course of the stationary 
autokinetic light has often been as- 
cribed to involuntary eye movements. 
This theory had to be abandoned when 
Guilford and Dallenbach (8) photo- 
graphed the eye movements occurring 
during the phenomenon and found them 
to be slight and not of such a nature 
as to account for the experience. This 
finding was interpreted subsequently to 
mean that oculomotor processes have 
nothing to do with the autokinetic phe- 
nomenon (1). Such a conclusion does 
not appear to be warranted by the evi- 
dence. On the contrary, we have just 
discussed phenomena in which the ab- 
sence of observable eye movements 1n 
the presence of voluntary innervation 
of eye turners was an explicit condition 
for apparent movement. We belieye 
that the apparent movement of the 
autokinetic light belongs in this same 
class of phenomena. y 

J 
Induced Movement x 

If an observer fixates a light, C (Fig: 
3b), placed straight ahead of him, ae 
A E rig. 
if another light, D, is placed to the cas 
of C, the dextrorotators of the eyes io 
ceive reflex innervation. This inte 
tion increases as light D is slowly ™ 
to the right. Fixation of C cat 
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maintained only by an increase in the 
voluntary innervation of the levorota- 
tors. According to our first hypothesis, 
such gradual increase in voluntary in- 
nervation of the levorotators leads to 
a progressive change in the space value 
of the fovea, and it can be predicted 
that the fixated object will appear to 
move to the left. Experimental studies 
(6) bear out this prediction. 

The apparent movement of C is in- 
duced by the objective movement of D. 
On the other hand, if C were moved 
slowly to the left while a peripheral 
point, D, was held stationary, apparent 
movement would be induced in D. As 
fixation of a slowly moving object is 
maintained by reflex action (pursuit 
movement), the space values of the 
retina would not change (Hypothesis 
2). As the eye moves and D remains 
stationary, D would stimulate more and 
more peripheral points on the left half 
of the retina (Fig. 2), thereby appear- 
ing to move to the right. 

Many instances of such induced 
movement are known to everyone. The 
most frequently mentioned example is 
the apparent movement of the moon 
seen through drifting clouds. Another 
example is the familiar illusion experi- 
enced when one is sitting in a train and 
the train on the next track slowly starts 
to move, 


SUMMARY 


The relationship between phenomena 
of visual egocentric localization and 
Processes of involuntary and voluntary 
oculomotor innervation has been pointed 
out by many earlier investigators (4, 9, 
12, 13, 17, 19). his paper has at- 
tempted to describe the nature of this 
relationship more precisely. From an 
examination of empirical data relating 
to visual egocentric localization, two 
hypotheses were derived to account for 
the perception of direction and for some 
Phenomena of egocentric apparent move- 
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ment. Hypothesis 1 states that when 

dextro- or levorotators of the eye re- 

ceive voluntary innervation, the space 

values for points on the retina change 

in relation to the direction and degree 

of innervation. Corresponding changes 
of retinal space values occur with vol-_ 
untary innervation of the elevators and 
depressors of the eye. Hypothesis 2 

states that when eye position is deter- 
mined by reflex innervation alone, ret- 
inal points do not change their space 
values. Factors responsible for volun- 
tary and reflex innervation of eye 
turners were examined, permitting the 
knowledge of patterns of innervation 
under various stimulus conditions. Pre- 
dictions from the hypotheses concern- 
ing the effects of voluntary and reflex 
innervation on space perception were 
compared with empirical data, and were 
found tenable for a variety of percep- 
tual experiences. 

. 
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